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PREFACE 


: As a result of my experience of over 17 years as a teacher 
in one of the renowned colleges of the State of West Bengal, 
I have come to realize that the students in H. S. ; I. S. S. C and 
I. Sc. stages in particular and even in B. Sc. level feel shy of 
solving numerical problems in Chemistry. They, therefore, lack 
a proper understanding of the subject and also are unable to get 
good marks in the Examination. 


The book. entitled “Fundamentals of Chemical Problems” 
deals with the problems on almost all topics in Chemistry, 
Before attempting the solution to the problems, the theoretical 
aspect is covered briefly in each chapter. This book would also 
be useful to the students who intend to appear for various compe- 
titive public Examinations (I. I. T; J. E; Civil service etc), A 
large number of problems, set in the latest different University 
Papers particularly from the year 1970 to 1980, have been included 
to get an idea of the type’ of problems asked in such Examinations. 
The problems for practice given at the end of each chapter will 
enable the students to test his understanding and help to acquire 
skill in getting the solutions of many typical problems. 


Due to shortage of time in publication, some errors might 
have crept in for which I seek apology from the readers. I have 
put in my best effort to make the book increasingly valuable for 
the students. While I hope that this publication will be appreciated 
by the readers, any concrete suggestions for further improvement 
of the book will be cordially welcome. I have not adequate 
words to express thanks to the B. Chand & Sons, Calcutta, 
publishers and their printers for the excellent set up in which the 
book has been fabricated. The preface will remain incomplete 
if I fail to show my gratitude my father Prof. Bibhuti Bhushan 
Mukherjee, Retired Professor of Chemistry and Industrial 
Chemist, Kokar (Jatratar), Ranchi, Behar for whose constant 
encouragement for writing the book has come finally on the 
prints. Last but not the least I express thanks to my wife Smt. 
Puspita Mukherjee and my son Sri Bidyut Mukherjee for giving 
constant encouragement for writing this book, 


Calcutta B. K. Mukherjee 
Daljatra 
20th March, 1981. 


Dedicated to my grand father Late Prof. (Dr.) Mahomapadhya 


Vagbat Kumar Sastri, first Ashutosh Chair Holder of Calcutta 
i University. 


——$—$ $< 
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FUNDAMENTALS OF 
CHEMICAL PROBLEMS 


CHAPTER I 


Problems on Gas Laws, Dalton’s law of partial pressures, 
Avogadro’s hypothesis, Molecular weight and mole concept. 

Theory : 

(A) Boyle’s law: Temperature remaining constant, the 
volume of a given mass of a gas varies inversely as the pressure. 
The law can be stated mathematically as, i 

Vaš or V=constant5. Where, P=pressure exerted. 
by gas molecules. 
V=Volume of the vessel 
=Volume for movement of gas molecules. 
T = Absolute temperature of the gas. 

, PV=constant. When T is kept constant. 

From Boyle’s law, PV =P3V 2. 

Where, P, =Initial pressure ; Po =Final pressure. 

V,=Initial volume; V2=Final volume. 


Mass 


Density 4 i OR ity = Volume 
y , when mass is fixed. °.’ Density = 7ofume~ 


= thew, 
Volume 
.", Pressure « Density 

Py SEs. Where, D,=lInitial density ; 


Dı Dz 
Da=Final density. 

Di Pı 

or Da Py 


(B) Charles’ Law: Pressure remaining constant, the volume 
of a given mass of a gas [increases or decreases by wie of its 
volume at 0°C for 1°C rise oF fall in temperature. Mathematically 


ressed in following equation. 


java) 


the law can be exp 
: = É 
Via = Votit Vats= Vol! 375 
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Where, Vo= Volume of gas at 0°C ; Vt; =volume at t, C. 
ae 273+ 
larly!; Vto=V 2 
Similarly! te (373 
« Vty _273+t, 


) ; Vtg=volume at tọ C. 


Vig 273+ty 
Mines T it : 
or Vin To’ Where, Tı =273+¢,=temperature in 
absolute degree. T 2=273+t2=Do. 


Alternatively, the law can be stated as, pressure remaining 
constant, the volume of a given mass of a gas varies directly with 
the absolute temperature (°A or °K according to Kelvin). 


Thus, ¥2=23. Where, Va=Vti ; Va= Vte; 
Vo Te 
P is kept constant. 
or Vi_Ve 
T, Ts 
D« é. Where, D=Density of the gas. 
Vat. 
De Di 
1 Te 
D3_T1 
Ser 


(C). Gas equation: By combining Boyle’s law and Charles’ 
law, we can write 


T, Ts 
PV.=RT is known as ideal gas equation for 1 gm. mole of an 
ideal gas, 1 gm. mole. is the molecular weight, expressed in 
grammes. Riis called molar gas constant or the gas constant. 
PV=n RT for n gm. moles of an ideal gas. 


py= RT for n gm. moles of an ideal gas. 


THEORY 3 


Where, W= Weight in gms. of an ideal gas ; M=Molecular 
; P AWL 8) ss WwW 
weight of the ideal gas. P V M RT= 7 RT s D=y Š 
(D) Numerical values of R : 
(With the help of Avogadro’s hypothesis) 
The numerical value of R is calculated from the equation 


r=", employing the fact that at 0°C and ata pressure of 1 


atm. (N. T. P. or S. T. P.), the volume occupied by 1 gm. mole of 
an ideal gas is 22°4 litres, (Vide. Avogadro’s hypothesis), The 
value of R varies with the units in which P, V and T are 
expressed. Thus, if P, V and T are expressed in atms., litres 
and absolute degree respectively, the value of R can be calculated 
as follows : 
P=1latm; V=224 litres; T=273°A. 
Ra PX V2 0-0821 litre.atm.deg-* molet, 
If P is expressed in dynes per square centimeter and V in cc., 
we have, P=76 x136 X 981 dynes/sq. cms. 
V =22'4x 1000 =22400 cc., T=273°A. 
p=P¥ 6X 136 x 281x 22400 _ 83210? ergs.deg- "molet. 
Since, 1 calorie=4'18 x 107 ergs ; 
Ra SS2X 10" =199=2 cale.deg”*-mole™*. 
Also, 1 Joule=107 ergs, R=80 Joule.deg-2.mole™+. 
(E) Dalton’s law of partial pressures * 
From Dalton’s law of partial pressures, 
P=pi+patpa t = 
PV=nRT 3 pıV=^RT 5 p2V=nRT ; pV=nRT. 
P= Total pressure, exerted by an ideal gas mixture. 
V= Volume of the vessel containing the ideal gas mixture, 
[=Temperature of the ideal gas mixture. 
Diy Do» pa etc are partial pressures, contributed by the 
components of the ideal gas mixture. m1, ng, ng, etc are the 
f moles of the component gases in the mixture. 


number o 
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n=Total number of gramme moles of the gas mixture. 


pi="3P a="? ; Pa P, 

p1=XaP; p2=XaP; pa=X3P. 

Where X 1, X2, Xg are the mole fractions of the respective 
components. 

(F) Application of Dalton’s law of partial pressures (pressure 
of a moist gas) : 

From this law we come to know that total pressure, exerted 
by the gas saturated with water vapour becomes equal to the 
actual pressure of the dry gas+the saturated 
vapour pressure of water (aqueous tension) 
at the temperature of the experiment. 
This saturated vapour pressure of water 
vaties with temperature. 

Thus, the pressure of dry gas-++aqueous- 
tension=barometric pressure. 

or p+f=P, as height of mercury 
column stands stationary (Fig. 1). 

or p=P—f. Wherep, P andf, represent 

Fig. 1 the pressure of dry gas, barometric pressure 
and aqueous tension expressed in cm. or mm. at the temperature 
of the experiment (°C) respectively. 


We have, V2*Pa_ VıPı 


Ta Tee 
Here, P3=76 cms ; Ta =273°A (at N.T.P. or S.T.P.). 
pia pap 


. Vex76 V,x(P-f) 
DOPE: a evn ean ie 


Solved problems 

Boyle’s Law : 

1. A mass of hydrogen gas has a volume of 1,200 litres at a 
pressure of 1 atmosphere. To what value must the pressure be 
changed if the volume is to be reduced to 2 litres at the same 
temperature ? [Jammu & Kashmir P. U. 69] 


* SOLVED PROBLEMS 2 


We have from Boyle’s law, Py V1 =P2Vo. 
P,=1latm; V,=1,200 litres; Po=?; Vo=2 litres. 
Po =a so PND e =600 atms. 

2. An air bubble is blown into a eudiometer tube 50 cm, long 
filled with mercury. If the volume of the air bubble before introduc- 
tion was 0'5 ml., find its volume on reaching the top of mercury in 
the eudiometer. [Pressure of air =750 mm. Hg ; Ignore the change 
in level of mercury on introducing air bubble.] [Bihar H. S. ’63] 

We have from Boyle’s law, 

PiVı=P2V2; Py=75 cms, 


AIR BUBBLE 


V,=05 ml. ; EUDIOMETER 
P,=75—50=25 cms, ; Ve=? 
oe Ve aE BIO =15 ml. PRESSURE 


This problem is worked out assuming 
temperature remaining same and ignor- 
ing the change in level of mercury on 
introducing air bubble. Fig. 2 

3. Anair bubble of volume 2'5 cc. is released at the bottom 
of a water tank of height 20 ft. Find its volume on reaching the 
surface of water in the tank. 

[Pressure of air=760 mm. Hg.] 


PRESSURE PRESSURE We havefromBoyle’s 
OF AIR OF AIR law, 

P\Vi= PV», 

assuming temperature 
20ft remaining same. 
Vi =2'5 cc. 

= AIR P,=Pressure 

C=) BUBBLE z ai 


air+pressure due to 
Fig. 3 Fig. 4 20 ft. water column 


= 16+ OX TEAS = 12082 cms ; (vide. Fig, 3). 
[. 20 ft=20x 12x254 cms. ; 12°=1°; 17=2'54 cms, 
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Conversion of height of water column into height of mercury 
column: 20X12Xx254X dı =hgX də. 

Here, dī=density of water in C. G. S.=1; h=height of 
mercury column ; d =density of mercury = 13'6. 

20 x12 x 2'54 ] 
13°6 7 

‘P V1 12082x 2'5 
AE U E =3°23 cc. 


-4, 0'3 gm of a gas has 2205 cc. volume for movement of its 


<. 20X12X2'54x%1=hy X136 ; ho= 


P,=76cms;Vs=? Ve= 


molecules at 700 mm. pressure. If pressure is altered to 2205 
mm ; temperature remaining constant, what would be the density 
of the gas ? 

0'3 
2205 
D=? P,=700mm; P2=2205 mm. 


DED, E = 2205 x 0°0001360 _ 9.9994285 gm. per cc- 


D 


We have, DisPs, p,=23_=0:00013€0 gm. per cc ; 
Da P3’ 


700 


The density of the gas=0'0004285 gm/cc. 
Charles’ Law 
5. At what temperature in centigrade scale will the volume 


of a gas at 0°C double itself, pressure remaining constant ? 
[ Uttar Pradesh Inter Board ’67 } 


` VT 
We have from Charles’ law, TET T= Vi 2 


V1 =X cc (say) ; T1 =273+0=273°A ; Va =2X cc; To= ? 
T2= X28 = 546"A. Now, Ta=273+ta=546. 


tp =546—273 = 273°C. 


6. A gas expands ‘from:1 litre to 1'128 litres ne to a rise of 
temperature from 0°C to 35°C at constant pressure. From this, 
calculate the value of absolute zero (in centigrade scale). 

[ W. Bengal H. S. °74] 
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tı =temperature in centigrade scale at absolute zero. 
For 35°C change in temperature (1°128—1)=07128 litre 
volume change, noted. 


a as | ioc ae 0128» 
ibe = 
ee on» » >» 0'128 » 
A (Fy AS 35 Xt 
At absolute zero, volume for the gas= 14 8 
Now, ety =0 *: At absolute zero, volume for 
ty = —273'5°C. the gas=0. 


7, An open vessel contains air at 27°C. To what temperature 
should the vessel be heated so that number of molecules in the 
vessel decreases by 75% ? Neglect the expansion of the vessel. 
TıDı J De_Ty 

Da ' MD Ta 
pi=10  T1=2734+27= 300A. 


We have, Te= 


f Where, number of molecules at 300°A=100 ; 
V=Volume of the vessel.} 
When the vessel is heated, 75 molecules escape. The density of 
A 25 
air becomes D= 
= 300 x 100 —1200°A. 
25x V 
V 
Gas equation 
8. Spherical balloons of 2l cm. diameter are to be filled up 
with hydrogen at S.T.P. from cylinder containing the gas at 20 
atmospheres and 27°C. If the cylinder can hold 2’82 liters of 
water, calculate the number of balloons that can be filled up. 
(W. Bengal. J. E. E. 62 ; °70; I. I. T.69,] 
V 
We have, 2aVn =a; p =20 atm; 
T 1 =273+27 =300°A ; 
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Vı=282x 1000 cc; Pa=1 atm ; T2=273°A ; Vo=nxX$ar? ; 
n=number of balloons ; r=radius of each balloon. 
20 x 2'82 x 1000 —1xnx¥§ 2(10° 5) 


300 273 : f 
< pn=20X282x1000x273x3Xx7 103] 
ne "= 300x4x22x (105)? A 


As the number should not be fraction, the number of 
balloons to be filled up at S. T. P.=10. 

Avogadro’s hypothesis 

9, A balloon of 200 litre capacity was filled completely with 
a gas having molecular weight, 4 at 650 mm. pressure and 25°C. ' 
Upon ascending, the temperature was found to be—79°C ata 
certain height, while the external pressure was decreased to 160 
mm. What weight of the gas will have to be released to keep 
the balloon unburst ? 

We have, EVs a EaVs ; V= EIRIN aie, 

1 


Te d Ti Pst 
‘Py =650 mm; V ,=200 litres; T,=273+25=298°K ; 
P2=160 mm; . 
° 5 650 x 200 x 194 
T.=273- = E ee SE 
2=273-79=194K, v. V= EUX 


=528.94 litres. 

As the maximum capacity of the balloon is 200 litres, excess 
of the gas (528'94—200)=328'94 litres must be released. This 
volume of the gas is now converted- into the volume at N.T.P. 
inorder to get the weight of the gas released. 

Now, “te PoVo AMS =PeVeTo 


Te To Tapy 
2160 %328:94 X273 dze: 
— 194x760 =97°45 litres. 


© AtN.T.P., P,=760 mm; T,=273°K. 
We know 22°4 litre gas at N.T.P. weigh 1 gm mole=M gm. = 
4gm. *,* M=Molecular weight of the gas—4. 
s f ” T 4X%97'45 a 
. 97°45 litre gas at N. T. P. weigh aoe =1740gms. 
The weight of the gas to be released=17°40 gas. 
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Gas equation 

10, A balloon of volume 280 ml. at 1 atmosphere pressure is 
pressed below the surface of ice-cold water (temperature 5G) 
to a depth of 1000 cms. Calculate the volume of the balloon, 
if its initial temperature is 20°C. 


PıVa _PV2. y, =P Vile 
We have, T, Ts 3 Va TP» 


___76X280% 278 _4 35; 
1000) 135'04 ml. 


293 x [76+ 36 


| atm PRESSURE 
l atm PRESSURE 


| 76 cms 


ICE-COLD 


\CE-COLD WATER 


WATER 1000 cms 


1000 cms 


P Balloon 


Fig. 6 


Fig. 5 


Avogadro's hypothesis 
11, A gaseous mixture contains nitrogen and hydrogen at 
15°C and 700 mm. pressure. The density of the mixture is 
06349 gm per litre. What is the percentage by weight of 
hydrogen in the mixture? (N=14; H=1) 
EA oe up Datars 


We have, T; Ta do PaT, 

Where, D1 =? Dz2=06349 gm/litre ; 
P,=760 mm ; T 9=273+15=288'K ; 
T,=273% ; Pa=700 mm. 


0'6349 x 2887 
p, = LORE TE = 07272 gmllitre. 


The volume of nitrogen is assumed to be ‘V’ litrein the 
mixture. 22'4 litres of nitrogen at N. T. P. weigh 28 gms. 
‘+ 1 gm. mole. Na =28 gms. 
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Molecular weight of nitrogen=28. 


‘V? litre weighs ee 


lem 
The volume of hydrogen = (1 — V) litre. 
Again, 22'4 litres of hydrogen at N. T., P. weigh 2 gms. 
Molecular weight of hydrogen=2. 
.. (l-V) litre weighs ee 
Weight of 1 litre mixture at N. T. P.=Density at N. T. DA 
_Vx28_(1-V)x2 


gm. Ho. 


22°4 224 
l _Vx28,(1-V)x2 
Or 07272= A OIA 


Density at N. T. P.=0°7272. 
V=0'55 litre; volume of hydrogen=1—0'55=0°45 lit.. 
Weight of 0°45 litre H=% 004017. 
Percentage by weight of hydrogen in the mixture 
— 0'04017 x 100 
0°7272 Spee. 
Miscellaneous 


12. Calculate the density of a gas at 102°C and 718 mm. 
pressure. The molecular weight of the gas is 40. 
Py B Py.Do.T 
Ww ay SMe ORNS EDot 9 
e have, DT DT, ’ Dı= T,.Po ` 
P,=718 mm; T,=273+102=375 °K; D=? 
ee: mm ; To=273°K ; D,=1°786 gm./litre 
Do=z =L 786. 
718 x 1'786 x 273 
375 x 760 


Density of the gas=1'228 gms. per litre. 


Dı= = 1'228 gms. per litre. 


Avogadro’s hypothesis 


13. Core of the Sun is made up of gases with average 
molecular weight=2. Their density and pressure are 1'3 gm/cce 
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and 1:12 109 atmosphere respectively. Calculate the tempera- 
ture of the sun. U. I. T. (Group A) °66.] 
We have, 22400 cc of gases in the sun at N. T. P. weigh 2gms, 


according to Avogadro’s hypothesis. 


Do gm. per c.c. 


el Pee 
22400 
f B 12 P DoT 
A Moyers ; E A E 
gain DTe Dil,’ 2 Pods 
T) =273°K ; Po=1 atm; P,=112%x 10° atms ; 
D,=1\'3 gm. per cc. 


: 2 
1:12 10° x Bode ae 


= =(21x107)°A orK. 
Ti 1x13 ‘ PaRaS 


Ideal gas equation 
14. 2 moles of oxygen have 1850 cc. space for movement of 
t—50°C and 1580 mm. pressure. How many moles 


its molecules a 
cc. space at 27°C and 790 mm. 


of chlorine would require 1000 
pressure ? 
= EPN. 
We have, P Vı= nRT ; R=—— for oxygen. 
nıTı 
[R= molar gas constant.} 
P, V1 PoVa 
F 223 x 790 ae naTa 
_ ny ZX PaVa _2X%223x790x1 Ome 
BO rr = 158 1350x300 0 4017: 
P, =1580 mm ; Tį=273-50=223°K ; Vi= 1850 cc., 
nı =2 moles; 
Pa=790 mm ; T4=273+27=300"K ; Va™=1000 cc ; na=? 
Number of moles of chlorine =0°4017. 


And R =P2V 2for chlorine 
nT 


Avogadro’s number 
ning carbon tetrachloride vapour 


15. A closed vessel contai 
gat 0°C. Calculate the number 


is evacuated to 0'0076 mm. of H 
es per milli litre at this pressure. 


of molecul 
0:0076 il n 
We have, PY=nRT; 760 79007” x 0°0821 x 273. 
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1 milli litre (= litre. 


0:0076 
~ 1000x 760 x 0'0821 x 27 
1 gm mole =6'023 x 1023 molecules = Avogadro’s number. 
0:0076 x 6'023 x 1023 
1000 x 760 x 0°0821 x 273 
=26'87 x 109327 x 10°. 


n 


z em. moles. 
Number of molecules = 


Ideal Gas equation 


16. A small glass bottle weighed 5'014 gm. empty. Filled 
with a pure saturated organic liquid. The sealed bottle weighed 
5'284 gms. The bottle was broken in a vessel that was jacketed 
bya bath of water that boiled at 99°8°C. The initial mercury 
level in the gas burette was 10°46 cc, and the final level was 
46°22 cc. The barometric pressure was constant at 7546 mm. 
Hg, and the temperature of the laboratory was 232°C. Find its 
molecular weight as it exists at 99'8°C. 

WwW WRT. 
We have, PV= 3 RT; M= -PV 
W =5284-5'014=0'270 gm ; T=273+23'2=296'2°A , 
V=46'22 —10°46=35'76 cc=0°03576 litre ; 
P=7546 aem ; M=9270x0:0821x2962 2 
760° x 003576 
R=0'0821 lit. atm. per degree per mole. 

17. Find the density of 4'3 gms. of hydrogen at 25°C and 

770 mm. pressure. 


185. 


PM 
We have, p=D RT ; p=" 
760%? 
= 760 __= 008283 gm lit"? at 25°C. 
00821x (273 + 25) miee aE 


Dalton’s law of partial pressures 


18. 400 ml. of oxygen at 700 mm. pressure and 300 ml. of 
nitrogen at 800 mm. pressure were mixed in a one litre flask, the 
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temperature being constant. Calculate the total pressure of 
the mixture. [Poona P.U. ’67.] 
We have, prvz="1 R71 5 
700, 400 
m= bivi _ 760 1000 _ 073684 
SURTI  0'0821 XT, 0'082173° 
PaV2=nRT3 5 


800, 300 


Neeeeee oy pes 
ON eee aa Ee 


0'3684 0:3158 
—0'08217, 0°082173 Pi 
0:3684 
0082171 

_ 0'3684+0°3158 =r 
or P=—5 73684 pı= 1'858 pı. 
; E ines ies 
Again, pıX1 = 7 0R2ITs x 0°0821 x Tı =0°3684. 
+ P=1°858 x 0'3684 atm = 1°858 x 0°3684 x 760 =520'10 mm. 


19. Air contains 79% Ne and 21% Os by volume. Find the 
mole fraction of each gas in air. 

At constant temperature and pressure, volumes required for 
movement of gas molecules are directly proportional to the 
number of moles of gases. Hence we can write number of moles 
of nitrogen « volume of nitrogen gas molecules ; number of moles 


of oxygen 4 volume of oxygen. 
: Number of moles of nitrogen 
t f Ne= 
Mole fraction ot “2” Total number of moles of Ng and Os 


— Volume of N2 79 _ 9: 
Total voJume Titre 13; 
_ Volume of Os — 2! =0'21. 


imi fracti Oe 
Similarly, Mole fraction of O2 ota volar gamle 


20. Find the composition of a gaseous mixture. containing 


nitrogen, oxygen and argon which exerts a pressure of 1500 mm. 
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at 27°C. The partial pressures of oxygen and argon are 
respectively 300 and 90 mm. 

We have from the Dalton’s law of partial pressures, 

partial pressure= mole fraction X total pressure. 
Partial pressure 


Mole fraction= 3 
Total pressure 


; 2300": 
Mole fraction of oxygen= 509 0:20. 


Mole fraction of ron =0'46. 


Mole fraction of Oxygan+ Mole fraction of Argon+mole 
fraction of Nitrogen =1. 
or 0'2+0'46+mole fraction of Nitrogen=1 
or 0'66+mole fraction of Nitrogen=1 
or Mole fraction of nitrogen=1—0°66=0°34. 
The volume of the mixture is assumed to be 100cc. 
volume of the gas 
total volume ` 
Volume of oxygen=0'20 x 100 =20cc. 
Volume of argon=0'46 x 100 = 46cc. 
Volume of nitrogen=0°34 x 100=34 cc. 
Composition of the mixture by volume is 20%03 ; 46%Ar & 
34%Na. 


Now, mole fraction = 


Gas equation : 

21. A metallic cylinder of capacity 480 ml. containing 
nitrogen gas at 700 mm. and 17°C is connected to another 
cylinder of capacity 300 ml. and containing oxygen gas at 650 mm. 
pressure. What is the total pressure of the mixture ? 

We have, pressure of the mixture=partial pressure of 
nitrogen+ partial pressure of oxygen. 

Total volume of the mixture=480+300=780 ml. 


PV PoVs + ay 0 
ee CARIT (say) .. P\Vi=PoVo, 


Where, Pi=pressure of nitrogen=700 mm.; 7,=480 ml.; 
before connection. : 
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pə = partial pressure of nitrogen in the mixture =? 
wea fh. Ba et Oe 07 et 
X Again, P3V3 = P3 Ve 
P.V _650x300_ 


2-23 =25 ? 
Vz 780 omm 
7." P=pressure of oxygen before connection =650 mm. ; 
V3 =volume of oxygen a n =300 ml. ; 


p= partial pressure of oxygen in the mixture =? 

Va=780 ml. =total volume of the mixture. 
Pressure of the mixture = pg + pa = 4307+250—680'7 mm. 
Application of Dalton’s law of partial pressure $ 
22. A certain quantity of nitrogen occupies 150 cc. when 


collected over water at 15°C and 750 mm. pressure. If it occupied 
138 cc. in dry state at N.T.P., calculate the pressure of water 


vapour at 15°C (aqueous tension), 


i PoV 
We have, PaVa L EoYo 3 Pı=pressure of dry gas. 
Ty To 


Now, atmospheric pressure 
= pressure of dry gas+pressure of water vapour (aqueous 
tension). 
750=P, +f ; P1=750-f; Vi=150 cc. ; T, =273+15=288° A. 
Po =760 mm. ; 
Vo= 138 cc. ; 
To=273° K. 
(750—f) x150_760x138 . 


x 388 =—973 f=12'5 mm. 


Miscellaneous °? 

23. The density of air is 1'172 gm, per litre at 27°C and 1 atm. 
If it is assumed that air contains only oxygen and nitrogen, what 
is the percentage composition by volume of air ? 

Let 100 cc. of air contain “V” cc, of oxygen and (100—V) cc. 


of nitrogen at 27°C. ‘ 
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22400 cc. of oxygen at N.T.P. weigh 32 gms. 
22400x 760 _V1*760 

27308 g 27327 
V =24610 cc. =volume of oxygen at 27°C. 
24610 cc. of oxygen at 27°C weigh 32 gms. 


5 32 
oe NACE vs E eee h 24610A gms. 


Now, 


=0'0013V gms. 
Similarly, 24610 cc. of nitrogen at 27°C weigh 28 gms. 
28 
. i$ Bary -V 
s (100 y) cc. a sate » ate ) 
gms. 
=('001138(100 — V) gms. 
Now, weight of 100 cc. of air at 27°C a 
=0'0013 V+0'001138(100 —V). 
Weight of 1 cc. of air at 27°C 
_0'0013 V +0'001138(100 — V) 
100 H 
Density of air at 27°C =1172 gm./litre. 
; : ) TEE ; 
<. Weight of 1 cc. of air at 27 C= 1000 0'001172. 
0.0013 -+0:001138(100=) ~ y=21 ce. 
100 


0001172 = 


Volume of nitrogen = (100 — 21) cc.= 79 cc. 
Volume percentages of oxygen and nitrogen are 21 and 79 
respectively. 

24, A four-litre glass vessel contains oxygen and nitrogen in 
equimolecular proportions at a pressure of 100 mm. Find the 
‘density of the mixture at 27°C. 

Asthe gases in the mixture are present in equimolecular 
proportion, the pressure exerted by both the gases will be equal. 
The pressure of the mixture is the sum of the partial pressures of 

the gases. 
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100= partial pressure of oxygen+partial pressure of 
2 nitrogen 
= partial pressure of oxygen+ partial pressure of oxygen. 
Partial pressure of nitrogen = partial pressure of oxygen. 
or 100=2x partial pressure of oxygen. 
Partial pressure of oxygen = +42 =50 mm. 
and partial pressure of nitrogen =50 mm. 
Density of oxygen at N.T.P = z340 = 0.001430. 
Density of nitrogen at N.T.P. = z740 = 0.001250. 
0:001430 x 273 x 50 
760 x300 
=8'563x 1075 gm./cc. 


For oxygen, density at 27°C= 


Pi pel = DioR 
Diri = DoTo’. OVERTA i 
Do =0'001430 ; To =273 ; Po=760 ; P,=50 mm. ; 
1 =273+27=300°RK. 


0001250 x 273 x 50° 

760 x 300 

=7'485 x 1075 gm. per cc. 
Density of the mixture at 27°C =8'563 x 10-5 +7°485 x 107 
=16x10™ gm. per cc. 


For nitrogen, density at 27°C 


Avogadro’s hypothesis and molar concept : 


25, Find the volume occupied by one molecule of water. 
[ Density of water =1 gm. per cc. Jl 
Mol. wt. of HgO=18 ; N=6'023 x 10?%. 

1 gm. mole. water=18 gms. of water. 

~" Molecular weight of water=18. 
1 gm.-water occupies 1 cc. volume. 
18 gm. water will occupy 18 cc, 
1 gm. mole water contains 6'023 x 102% molecules 
6'023 x 1023 number of molecules will occupy 18 cc. 
1 molecule of water will occupy= sonso 


=296x 10728 cc, 
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Miscellaneous = 
26. A cylinder of capacity 10 litres contains hydrogen gas at 
60 atm. and 25°C. What will be the density of hydrogen in the 
cylinder ? 
Paki Fok. 
W : mas TLS E tl o o, 
e have T; To 
PıYıTo 60X10 273 5498 li 
TiPo == 38x1 549'8 litres. 
We know at N.T.P. 22'4 litre hydrogen weigh 2 gms. 


os” 
at N.T.P. 549°8 litre hydrogen weigh? ar 8 _ 49:09 gm. 


Vo= 


Density of hydrogen in the cylinder at 25°C and 60 atm. 
SUENE: of hydrogen 49°09 4909 eee litres 
volume of the cylinder 10 2 ie 
mass of the gas is fixed. .".. weight of hydrogen at 
N.T.P.=weight of hydrogen at 25°C and 60 atm. 

27. A gas occupies 400 cc. at 0°C and 560 mm. of Hg. Ifthe 
same gas occupies 680 cc. at 25°C, what pressure would benzene 
manometer read at this temperature ? 

(Density of benzene is 0°87 gm. per cc. at this temperature) 


PiVi_ PV 
Ta eae 
P,=height of mercury column 
=56 cms. of mercury column 
=56X15'63 cm. benzene column (see bottom) ; 
V1=400 cc. ; Ty =273°A; 
P=? Va =680 cc. ; T =273+25=298 A. 
—PiViT2 _ 56 x 15°63 x 400 x 298 _ 561: 
Pat 7, 273X680 es 


height of benzene in the manometer =561'9 cms. 
hy X Py X g=heXP2Xs. 
Where, hy =height of mercury column ; 
?;=density of mercury ; 


We have, 
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g=acceleration due to gravity ; 
ha =height of the benzene column ; 
p= density of benzene. 


hX Pı _56% 136 _ é p 
he Aer os 56 x 15°63 cms. 


28. A balloon has a volume of 480 cc. at 5°C. The balloon 
is swelled up to 7/8 of its maximum streching capacity. Will it 
burst if brought into a room temperature at 20°C ? What is the 
maximum temperature above which it will burst ? 

We have, $X streching capacity =480 cc. 

streching capacity =} X 480 =548'6 cc. 
Now, us 


T A p T 
1 1 2 =i2V 
Va Ta (pressure is kept constant) ; Va Ta 1 


_ 293 x 480 _ s05 
=E 505°9 cc. 


Vı=480 cc ; T, =278 A 3 Ta=293 A : Vae? 
Since the volume of the balloon becomes 505'9 cc. at 20°C, it 
will not burst because its maximum volume could be 505'9 cc. 


Now, T= 2302 278x 5486 317'8° A=44°8°C. 
480 
29. Anopen vessel at a temperature of 10°C is heated at 
constant pressure to 400°C. What fraction of the weight of 
air originally contained in the vessel is expelled ? 


i ATMOSPHERIC PRESSURE P=ATMOSPHERIC PRESSURE 
V=VOLUME OF V=VOLUME OF 
THE VESSEL THE VESSEL 
AIR 
T= TEMPERATURE OF W2= T:=TEMP ERATURE OF 
AIR = 283°K aotar AIR =673 K 
Fig. 7 Fig. 8 


W,=1- x. Where, x= fractional amount of air expelled. 
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We have, pv=W RE; T=LYM 1 = constant. 1 


R 'W W 
Ba WW. 6731 
icc KS T= ites . oh" 
w FW 3 2837 Tez ae 0:579 


30. A gas biin, containing cooking gas can withstand a 
pressure of 14°9 atmospheres. The pressure gauge of the cylinder 
indicates 12 atmospheres at 27°C. Due to a sudden fire in the 
building, ics temperature starts rising. At what temperature the 


cylinder will explode ? [I.L.7. (Group B) ’75]. 
Volume of the cylinder is fixed. We can use the expression, 
P 
non 3 Vi=Ve2=volume of the cylinder. 


P,=12 atm ; T, =273+27=300°A ; P2 =149 atm; To=? 
Ta = Pals 149% 300 _ 379.5°4 =99'5°C, 
P, 12 

Application of Dalton’s law of partial pressures : 

31, At 25°C a certain amount of nitrogen was collected 
over a liquid (A). Its observed vapour pressure was.750 mm. 
If the same amount of nitrogen is collected over a liquid (B) 
at 25°C, what would be the measured pressure? Vapour 
Pressures of liquid (A) and (B) are 15 mm. and 30 mm. 
respectively at 25°C. [Sardar Patel P.U. 67]. 

P=750 mm.=pressure of nitrogen+pressure of liquid (A) 
vapour. i j 

*, Pressure of nitrogen =750—15=735 mm, 9 

Or, Pressure of nitrogen=measured pressure when nitrogen, 
collected over liquid (B)— vapour pressure of liquid (B). 

Or, 735=measured pressure—30 .. Measured pressure 
when nitrogen, collected over liquid (B)=735+30=765 mm. 

32. 200 cc. of hydrogen were collected over water at 27°C 
and 750 mm. pressure. The level of the water inside the receiver 
is 54 mm. above the outside level. What volume willthe dry 
gas occupy at N. T. P.? (Aqueous tension at 27°C =26'5 mm. 
and density of mercury =13'6). 

Atmospheric pressure = pressure of dry gas +aqueous tension. 
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Or, Pressure of dry gas= Atmospheric pressure — Aqueous 
tension. 
Or, Pressure of dry gas=75-3- 2'65=71'95 cms. 
[ Vide. Problems 2 & 3. ] 


PyVa PV, E =PiViT. 
We have, T, T, So Ws PT, 
7195 X 200 x 273 _ 
76x300 172'3 cc. 


Molecular weight = 

33. On heating strongly 0'406 gm. of potassium chlorate, 
139 cc. of oxygen were obtained and potassium chloride 
remaining weighed 0'247 gm. The oxygen was measured over 
water at a temperature of 27°C and 71°14 cms. Find the 
molecular weight of oxygen which may be deduced from these 
data. (Aqueous tension at 27°C =2'66 cms.) 


We have, py=w RT ; P=71'14 —2'66 = 68°48 cms ; 
V=139 cc; 7=300°A; W=wt. of oxygen =0°406 — 0'247 
=0'159 gm. 


Weight of potassium chlorate=wt. of potassium chloride 
; ae" a 139 _0:159 x 0'0821 x 300 ; 


+wt. of oxygen. .’. T0007 M 
n E 
M= 6848x0139 see: 


Gas equation : 

34.. Two spherical vessels contain equal quantities of air. 
The temperature of one is 239°C and that of the other 456 iG: 
If the internal radius of the first is 8 cms. and that of the other 
9 cms; show that the pressures of air inside both are equal. 

PıVı _ PaVa . P1 X$7(8)3 _ Pa X $AO)> 
We have, Ty Ta 3 Pixar} "373 + 456 Mary à 


Prei Or, DISP; 
P3 


SEERY. ái LIBRARY 


Date 0:3. WB 
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Boyle’s law : 

35. Mercury is poured into a tube closed at one end until 
it reaches a point 2'5 cms. from the open end. The tube is 
then inverted and placed in a vertical position with the lower 
end in a trough of mercury. It is then found that air fills 
38 cms. of the tube while a column of mercury 70 cm. long 
is sustained below it. Find the atmospheric pressure. 

P=Atmospheric pressure ; a=Area of cross section of the 
tube. According to the question, 2'5a cc. air has already entered 
the tube. This volume of air, on inversion of the tube over 
trough of mercury, gets expanded to 38a cc. volume. Let the 
pressure of this expanded air=P3. 

Now, PV=P,V, ; temperature is supposed to be constant. 

i 25 


Px2'5a=P, 38a; P = 35° P: 
25 
P= Atmospheric pressure =P +70= 38 P+70. 
Or, P -25p=70 “, P=74'9 cm. Hg. 
P= ATMOSPHERIC 
f PRESSURE 
i ee 38 cms 
70 cms 
ATMOSPHERIC 
PRESSURE 
Hg 
Fig. 9 Fig. 10 


36. A cylinder contains 100 litres of a gas at 5 atm. pressure. 
A quantity of the gasis taken out from the cylinder and it is 
found that the volume of the gas taken out occupies 40 litres at 
‘one atm. pressure. Find the pressure of the residual gas in the 


cylinder ; assuming. temperature remaining constant throughout 
the interval, 
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P,Vy=PaVa; 5X100=1xVa; Va=500 litres. 


At 1 atm. pressure, volume of residual gas= 500 — 40 
= 460 litres. 


As volume of the cylinder becomes 100 litres, 


1x460=P3.100 .*. Pa=an=46 atm; Ps=pressure 


of the residual gas in the cylinder. 


Ideal gas equation = 

37. The capacities of two cylinders are in the ratio of 
3:1. They communicate through a connecting pipe. The 
stop-cock of the pipe is closed and the two cylinders 
are filled with sulphur dioxide gas, the larger one at a pressure of 
8 atms. and the smaller one at a pressure of 4 atms. If the 
stop—cock is opened to allow free flow of the gas, what will be 
the final pressure within the cylinders ? 
For Cylinder I, 


PV =n RT ; P= 4atm 7 P=8 atm 
Aran le, 6>--amG) v = 
For cylinder II, CYLINDER I CYLINDER 11 
PaVa = nRT 5 

Fig. 11 
8.3V=nRT * sei) ig 


T is the temperature of sulphur dioxide gas, assumed to remain 
constant, nı and ng become numbers of moles of sulphur dioxide 
in cylinder I and II respectively. Ris the universal molar gas 
constant. Sulphur dioxide is supposed to behave ideally. 

Dividing equation (i) by (ii), 

4Y _mR? loM pón 
PAG ART bonga 0 tach 

After the opening the stop-cock, PBV +y) = (m1 +mq)RT. 

[ Where, P=final pressure within the cylinders ; total volume 
of the cylinders, neglecting the space between the two cylinders 
=V,+V,=V+3V; n=total number of moles of sulphur 
dioxide=n,+ng. ] 

Or, P4V=(ny+6n,)RZ : Gii) Dividing equation (iii) by (i), 

P.4V_(n,+6ny)RT. pe (m4Oe2) 14697 atms. 
nı 


AVAT mRT à ny 
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Boyle’s law ¢ 


38. 100 cc. of hydrogen are collected by the displacement 
of mercury, the level of which is found after the collection 
of the gas to stand at a height of 20 cms. above that of 


G 


100 cc 
HYDROGEN 


P=76 cms 


MERCURY 


MERCURY 


Fig. 12 Fig 13 


the mercury in the trough. Calculate the volume of the 
hydrogen when the level of the mercury inside and outside the 
tube is made the same. [P=76 cms.] 

100 x (76—20) = V.76 

[ Vide. VP =V2P3; at constant temperature ] 

V1=100 cc ; P} =(76—20) cms ; 

V2™=V cc; Po =76 cms=pressure of atmosphere = pressure 

of hydrogen (Fig. 13). 

Or, 100xX56=V.76 


Or, v ~ 100x36 73°68 Coe 


Boyle’s law : 


39. A cylinder contains 30 litre air at 50 atms. If a leak is 
produced in the cylinder, calculate the volume of air which 
will escape into atmosphere. 

P\V,=P2V [T is kept constant] ; 50x30=1XF%3 ; 

Va=1500lits, 

-. Volume of air escaping into atmosphere = 1500-30 

= 1470 lits. 


SOLVED PROBLEMS `- 25 


40. Two cylinders of 150 litre capacity each, are filled with 
air, one at a pressure of 15 atms. and the other at a pressure of 
10 atms. Ifthe cylinders are connected with a pipe, calculate 
the mass of air, transferred from one cylinder to another at 0°C ? 
{Density of air at N.T.P.=1°22 gms./litre] 


Be F be ppgonstanctempen 150 ties i 150 lits 
For cylinder Iig Tae T ions 
c 
= Dg=1'22x 15 o 
i Fig, 14 
gms./lit. 


D,=density of air at 15 atms and 0°C. 

For cylinder II, at Bee Ds=1'22X10 gms /lit. 

D,=density of air at 10 atms. and 0°C. 

W,=amount of air in I=1'22x 15x 150 gms. 

Wa= 4 s s » Il=1'22x 10x 150 gms. 

— We, =<difference in amounts=1'22 x15 x 150 
— 1'22 x 10x 150=1°22 x 150(15 — 10) 
=1'22x 150 x 5=915 gms. 

As both of the cylinders have the same volume (150 Iits.), an 
equal amount of air shall remain present in each of the cylinder 
and therefore equal amount of air shall be distributed in between 
the two cylinders. 

Mass of air, transferred from the cylinder I to II=23 


= 457°5 gms. 


15 


Ideal gas equation : 

41. 100 cc. oxygen and 75 cc. of hydrogen, both measured at 
N.T.P., are mixed together and allowed to expand toa volume of 
400 cc. at 0°C. What is the total pressure of the mixture? 
Calculate the partial pressures of oxygen and hydrogen. 

100 X 76=n,R Xx 273 ee (i) 

75X76=ngR X 273 oe (ii) 

PX 40)=(ny +n )RX 273 = (iii) 
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Adding equation i) and (ii), 100x 76 +75 x76 
=n,R 273-+ngR 273 
or, 76(100+75)=273R(ny +79) 


or, ny tn, = On substitution the value of (ny +72) 


` in equation (iii), 


76X175 76x175 
Px 400= = snn 
400 373R R 273=76X175 or, P 700 


=32'25 cms, Where, P=total pressure of the mixture. 


°o,.400=n,R x 273. 


A : s _ 100 x 76 
From equation (i) ny R= xe 
p 100 x 76 
Os-400 = Sn =100x 76; 
2-400 ri ae 273=10' 


Pox 4=76 ; ?Og=19 cms. 
Prag =32'25 —19=13'25 cms. 

Molecular weight : 

42, When 10 gms. of a solid are heated, the residue weighs 
5'6 gms. and 2°24 litres of a gas are evolved at N.T.P. Calculate 
the molecular weight of the gas. [Ranchi University, 1973.) 

Amount of gas evolved=10—-5'6=4'4 gms ; P=1 atm; 

V=2'24 lits. ;/T=273°A ; R=00821 lit. atm. per deg per 
mole. 

We have, PV =W RT , 1x2'24= 4 00821 x 273; 

M M 


_ 4°4%0'0821 x 273 
per ene 224 


=44'03. 


*N.B. Log calculation must be at the right hand side w.r.t. 
procedure of sum. Without this no mark shall be given- 
Students are asked to show mathematical calculations at the 
tight hand side of the page. 

Gas equation : 


43, 50 cc. of nitrogen gas at N.T.P. are confined in a tube 
of cross section 1'2 sq. cms. and standing in a trough of mercury 
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the column of which stands at .a height of 15 cms. The pressure 
is now changed to 75 cms. and the temperature to 31°C. Find the 


length of column of tube containing nitrogen. = 
50x76 Vi(76—15) | Vis 50x76 . 
Lo 


We havew— 5738 a aena7Op Tor. 
(16—15)Vı _75 ŠV; 61x50x76 75X Ve 
owe 273. ~304.« «= 6x 273. «304 
50x76X304_. . ,_Ve 50x76 304 
or, Ve= 573x75 OO = D27278x75x12 Tage cme 


Where, V,;=volume of nitrogen when mercury column stands 
at a height of 15 cms at 0°C(273°A) ; Vg=volume of the gas at 
75 cm. pressure and at 31°C ; /=the length of column of the tube 
containing nitrogen. 

Avogadro’s hypothesis and molar concept : 

44, Calculate density of a mixture at N.T.P. which contains 
two gases A and B, with molecular weights respectively 60 and 
40, in the proportion 1 : 4 by volume. j 

22400 cc. of A gas-at N.T.P. weigh 60 gms. 


60x V 
V ce. 
ce 9) nt mene ES » 99409 Ê? 


1 gm. mole of A=60 gms. 
Where, V is assumed to be volume of A gas at N.T.P. 


Now, 4V cc. of B T =40X4V, 
ow cc. of B gas at N.T.P weigh 32400 gms. 


Density of the mixture at N.T.P.= density of A at N.T.P.+ 
density of B at N.T.P. 


60xV 40x4V 
_ 22400 , 22400 _n. 
=y + 5V =0°001964 gm./cc. 


Total volume of the mixture=5V. 


Gas equation : 

45. A soap bubble óf 8 cm. diameter containing air at 27°C 
and 760 mm. pressure is expanded until its radius is 8 cms., the 
temperature and pressure remaining constant. How many cc.’s 
of air at S.T.P. are required for the expansion ? 
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760 x [4n(8) — $n(4)?]_760x V 
Me haxe: 300 =L273 


or, V=1709 cc. °° r=, 


Miscellaneous : 


46. 0°12 gm. of diethyl ether is vaporised in a eudiometer 
tube of length 100 cms at 98°C. The height of mercury in the 
tube is lowered to 49 cms. If the barometric pressure is 76 cms. 
and molecular weight of diethyl ether is 74, calculate the area of 
cross section of the eudiometer tube. 

74 gms of diethyl ether vapour occupy 22400 cc. 

at N.T.P. `~ 1 gm. mole diethyl ether vapour =74 gms. 

Ol2gm ,, ,, occupies 22400 x01 12 36°33 cc. 
at N.T\P. " 

Let ‘V,? be the volume of this diethyl ether vapour at 98°C 
and (76 ~ 49)=27 cm. pressure. 

76 X 36°33 _ 27x Vi + Vam l89 ce. 

273 273+98 
Length of diethyl ether vapour column =100— 49=51 cms. 

` Area of the eudiometer tube =342=2'726 sq. cm. 


Ideal gas equation : f 
47. Two glass bulbs A and B were connected through a stop ) 
cock. The bulb A had a volume of 800 ml and it was evacuated, 


We have, now 


800ml vmi 


A B 
Fig. 15 


while the bulb B had an unknown volume and contained a gas fi 
a pressure of 1'2 atmospheres. When the stop cock was opene 
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the pressure of the gas was dropped to 0% atmosphere. If the 
temperature remains constant, what is the volume of the 


bulb B ? 
Temperature is kept constant. 


We have, 1'2xV="BRT sa... G) 


0'8(800+V)="BRT_ eee (ii) 
0'8(800+-V)=1'2xV ; V=1600 ml. 


Miscellaneous : 

48. A mixture of hydrogen and water vapour is collected at 
20°C in a flask which contains a solid drying agent. Immediately 
after collection, the pressure in the flask is 760 mm. After 
sufficient time elapsed,. the pressure reachesa steady value of 
745mm. The drying agent increases in weight by 0'150 gm. 
Calculate the composition of the mixture in mole percent and the 
volume of the flask. 

L Ignore the volume occupied by the drying agent ] 

Total pressute=P=760 mm ; partial pressure of water vapour 


n 
=390=760-745=15 mm; 40 = 20" 


Where, "H.O=number of moles of water vapour ; 
N ætotal number of moles of the mixture. 


"rand 


n 
=_H20 r E S 
a 760 or N 760" 


720 
<. Mole percent of water vapour= N x100 


= * 100=1'973 ; mole per cent of hydrogen 
=100 — 1'973= 98'027. 
We have, "HO V= XF RT. 
15 a i 
Where, PH0=35 atm ; V=Volume of the flask ; 


W = weight of water vapour =0'15 gm ; M=Molecular weight 


30 FUNDAMENTALS OF CHEMICAL PROBLEMS 


of water vapour=18 ; R=universal molar gas constant=0°0821 ; 
T=temperature of the water vapour = 273 +20 =293°A. 
2 v=975 x 00821 x 293 ; V=10'16 litres. 

49. A gas mixture containing 80% CO and 20% COz by 
volume exists at 27°C and 750 mm. pressure. How many grams 
of COs are present in 1°52 litres of this gas mixture ? [W.B. 
H.S.C. 1978.] 

100 cc mixture contains 80cc CO and 20cc CO 
750 mm. pressure. 


Again, 100 cc mixture contains 20cc COg 
Or, Ollitre ,, > 20cc COg . 


20x152 
2e = 304cc. 
01 304cc 


Beat 27°C and 


152 litre , ? 


i won VAES VoPo 
Using the equation Ts Ts” 
304 x 750_V, Xx 760° 
273 +27 273 5 

304x 750x273 _ |; 
= 2 DUA KINA EES ; 
Vo=Volume of CO. at N.T.P.= 360x 300x 1000 T° 
Amount of CO, in gms in 1°52 litres of this gas mixture 
— _44x 304x750x273 _o mesoo Ferec ac NIA 
aax T60 x300 x100) Oe ee 

weigh 44 gms. 
Avogadro’s number and molar concept : 

50. What is th b f en atoms in 0°90 gm of 

Wee EMBELSC. 1978] 
1 gm. mole water contains 6'023 X 10 
of water, 
Or, Osta mol 6'023 x 1023 x 0'90 
r, Tg gm. e e ee S 
Mol. wt. of water =18. 
Again, 1 molecule of water contains 1 atom of oxygen. 
f 23x09 : 
6rozsxig’ xo number of molecules of water contains 


PN Pan 
6023x 1071x020 number of atoms of oxygen 
=0°30115 x 102%. 


we can write 


23 number of molecules 


” ” 
“« « » 
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Problems for practice : 


1. A dessicator of internal volume one litre and containing 
nitrogen at one atmosphere pressure is partially evacuated to a 
final pressure of 7'6 mm. of Hg while the temperature remains 
constant. What is the volume of the gas at this stage? [LI.T. 
(Group A) 1976 ]. Ans, 1 litre. 

2. A student took readings of the volume of a fixed mass of 
gas, maintaining the temperature constant while he changed the 
pressure. His results were 


Start Volume (cc) Pressure (mm. Hg) 
(a) 240 600 
(b) 180 800 
(c) 144 1000 
(d) 108 1200 
(e) 90 e 1600 


You can assume that the starting readings are correct and 
that all the readings are correct but in one of the readings a, b, 
c, d he made an error in reading the volume: which reading’ is 
incorrect ? 

3. A cylinder of hydrogen contains 30,000cc of the gas under 
a pressure of 50 atms. Calculate the number of gas jars each 
of 400cc. capacity which could be filled up from this cylinder at 
750 mm. pressure. Ans. 3800. 

4. A balloon containing helium (800 cc)at 75 cm. pressure 
is allowed to rise to a height of 2000 meters, If the temperature 
is assumed to be constant, what is the volume of helium at the 
height of 2000 meters? [ Decrease in atmospheric pressure is 
about 2'5 cms per £00 ft. rise ] Ans. 1011°0 cc. 

5. An air bubble of volume 2'8 cc. is released at the bottom 
of a water tank of height 25 ft. Calculate the volume of the 
bubble when it reaches the surface of water. [ Atmospheric 
Pressure =74 cm, Hg ] Ans. 4°92 cc. 

6. Two balloons are filled with the same gas under the same 
Pressure conditions. One is done at 20°C and the other at 20°A. 
Predict their extent of bulging. Ans. 14°65, 


` 
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7. 280 ml. of nitrogen was collected at 300°A. Calculate the 
temperature at which (a) the volume would be decreased by one 
half and (b) the volume would be doubled. Pressure is assumed 
to be constant. Ans. (a) 136'6°A; (b) 546°A. 

8. “A rectangular vessel 10 cm. long, 5cm. wide and 3'5 cm. 
deep, is filled with hydrogen at 100°C and 77 cm. pressure ; what 
volume will the gas occupy at N.T.P. ? Ans. 129'8 cc. 
9, An open vessel is heated till 3th of hydrogen it contained 


at 27°C, expelled. To what temperature was the vessel heated ? 


Ans. 77°C. 


10. A specially designed vessel is fitted with a one-way valve. 
The volume of the vessel is 900 ml. and contains dry hydrogen at 
7lcm. pressure and 15°C. To what temperature should the 
vessel be heated so that 135 ml. of hydrogen escape out under 
constant pressure ? Ans, 58'2°C 

11. A balloon contains 580 cc. helium at 300°K when it is 
blown to its maximum capacity. If this balloon placed ina refri- 
gerator at 271°K, to what extent will the balloon contract ? 

Ans. 9'655. 

12. 0'3 gm..of a gas occupies 2205 ml. at 70 cm. pressure and 
15°C. Ifat constant temperature, pressure is altered to 220'5 cms, 
what would be the density of the gas? Ans. 0°0004285 gm/ml. 

13. An open vessel contains air at 27°C. To what tempera- 
ture should the vessel be cooled so that number of molecules of 
air in the vessel increases by 40%? Ignore the contraction of the 
vessel. Ans. —58°7°C. 

14. An open vessel contains air at 27°C. To what tempera- 
ture should the vessel be heated so that number of molecules in 

vessel. 


the vessel decreases by 25% ? Ignore the expansion of the vess 
Ans. 127°C. 


15. What volume of nitrogen at 165°C and 1470 mm. 


pressure will measure one litre at N.T.P.? 
[Delhi H. S. 1963]. Ans. 548'3 ml. 


16. A given mass of gas occupies 1520 ml, at 27°C and 700 


mm, pressure. What volume will it occupy at S. T. P. ? 
[Sambalpur (Orissa) P. U. 1968]. Ans. 1274 ml. 
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17. A cylinder of oxygen contained 120 litres of the gas at 6 
atm. pressure. Certain quantity of the gas was taken out from 
the cylinder, and it is noted that the volume of the gas taken out 
occupies 15 litres at latm. pressure. Calculate the pressure of 
the residual oxygen in the cylinder, assuming temperature remain- 
ing the same through out the process of removal. Ans. 5'8 atms. 

18. When the temperature of 23 ml. of dry carbondioxide 
gas is changed from 10°C to 30°C at a constant pressure of 760 
mm., the volume of gas becomes closest to which one of the 
following (a) 21'5 ml ; (b) 246 ml ; (c) 35 ml. 

19. The temperature of the sun is2x107°K. Ifit is assumed 
that the gas present on the sun is mainly hydrogen at a pressure 
of 1°2X10° atms, calculate the density of the gas at this tempera- 
ture and pressure. Ans. 1°462 gm/cc. 

20. Two glass cylinders of capacities 600 cc. and 800 cc. are 
connected through a stop-cock. The cylinder of capacity 600 cc. 
contains hydrogen at 161 cm. pressure and 15°C. Calculate the 
change in the pressure when the stop-cock is opened at 115°C. 

Ignore the expansion of the cylinders. Ans. 68°04 cms. 

21. The density of a certain gas is 0'7 gm/lit. at — 43°C and 
680 mm. pressure. If the density is to be changed to 0'13 gm. 
per litre at 27°C; how much pressure should be applied ? 

n Ans. 1647 mm. 

22, A balloon of volume 280 cc. at 1 atmospheric pressure is 
pressed below the surface of ice-cold water (at 5°C temperature) 
EO a depth of 10 meters. Calculate the volume of the balloon, if 
its initial temperature is 20°C. Ans. 135°04 cc. 

23; 40 cc. of oxygen measured at N.T.P. is transferred to a 
tube of cross section 1'2 sq. cm., sealed at upper end and standing 
in a trough of mercury, the column of which stands at a height 
of 15% cms. The pressure of the atmosphere is now changed to 
75°6 cms and temperature to 304°K. Find the length of the tube 
containing the gas. Ana a1 oes 

24. 5 gms of ethane are confined in a bulb of one litre capa- 
city. The bulb is so weak that it will burst if the pressure 


3 
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exceeds 10 atms. At what temperature will the pressure of the 
of the gas reach the bursting value ? Ans. 458°C. 

25. At 380 mm. pressure at 0°C , an 11°2 litre container will 
hold (a) $mole of an ideal gas; (b) mole of an ideal gas ; 
(c) 1 mole of an ideal gas ; (d) 2 moles of an ideal gas. 

26. The molecular weight of carbon dioxide is 44. Calculate 
the weight of 600 cc. ofthis gas at 25°C and 770 mm. pressure. 

[Ranchi. U. P.U.1971S.] Ans. 109 gm. 

27. 6'43 gms of magnesium carbonate on being heated gave 
1'27 litres of dry carbon dioxide gas at 27°C and 740 mm. and 
421 gms. of magnesium oxide. Hence, calculate the molecular 
weight of carbon dioxide gas. Ans. 4418. 

28. The volume occupied by 1 mole of NH at 0°C and 
76 mm. pressure of Hg is (a) 22'4 litres ; (b) 2°24 litres ; (c) 224 
litres. 

29. Calculate the volume occupied at 20°C and 1 atm of 


carbon dioxide obtained from 1 cc. of solid carbon dioxide. ; 
(Density =1'53) Ans. 9643 cc. 


30. The volume of 2°l gms of a gas at 27°C and 750 mm. 
pressure is 2400 cc. Calculate the vapour density and molecular 
weight of the gas. Ans. 10°91; 21°82. 

31. 10 litres of a gas weigh 28 gms at S.T.P. Calculate the 
molecular weight of the gas. Ans, 18°26. 

32. What weight of oxygen at S.T.P. would occupy a volume 
of 6'72 litres ? Ans. 9°601 gms. 

33. 1 gm of carbondioxide gas was collected in a circular gas 
jar of height 1 foot at 25°C and 750 mm. pressure. Calculate the 


W 
Tadius and diameter of the gas jar. | Hint. V=2arh 5 py=Wrt| 


Ans. 2°98 cms ; 5°96 cms. 

34. 0'3 gm. mole ofa gas is enclosed in a cubical vessel at 
N.T.P. Find out the length of the cube. 

(Hint. PV=nRT;V=L°] Ans. 189 cms. 

35. A gas collected over water occupies 50 cc at 15°C and 

740 mm. pressure. The same gas in dry state at N.T.P. occupies 

45°3 cc. What is the aqueous“ tension at 15°07? Ans. 137 mm. 


1 
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36. A certain gas at 27°C and 746°7 mm. pressure occupied 
19 ml. Ifthe same gas occupies 16°4 ml. of volume at S.T.P. 
Calculate the aqueous tension at 27°C, Ans. 267 mm. 

37. OL gm ofa gas (molecular weight=60) when collected 
over water occupied 43`1 cc at 27°C. If the barometric pressure 
at this temperature is 750 mm, what is the aqueous tension ? 

Ans. 26°65 mm. 

38, A vessel of capacity 1 litre contains air at 20°C. When 
the vessel is connected to the vacuum pump the pressure is 
dropped from atmospheric pressure of 710 mm to 107? mm at 
constant temperature. Calculate the molecules of air left in the 
vessel. Ans. 3257X1016, 

39. 0'068 gm of zinc gave 27 cc of moist hydrogen at 20°C 
and 750 mm. pressure from dilute sulphuric acid. Calculate the 
weight of zinc that will liberate 1000 cc of dry hydrogen at S.T.P. 
(Aqueous tension at 20°C=17'54 mm.) Ans. 2'8 gms. 

40. The two flasks maintained at the same temperature are 
filled with oxygen gas and sulphur dioxide gas respectively, 
(i) Ifthe capacities of the two flasks and masses of the two 
gases are the same, in which flask is the pressure greater and 
how many times? (ii) Ifthe pressure and number of molecules 
in the two flasks are equal, what is the ratio of their volumes ? 
(ii) Will the number of molecules present in the two flasks be 
the same or different if the volume of the flasks and pressure of 
the gases in them are equal ? 

41. 100 cc of oxygen are collected over water at 27°C and 
800 mm. pressure. Calculate the volume of dry oxygen at N.T.P. 
(vapour pressure of water at 27°C is 21 mm), 

[Delhi H. S. 1965.) Ans, 99°54 cc. 

42. Prove that: “One gm. nitrogen and one gm, carbon 
monoxide will contain very nearly the same number of molecules.” 
[N=14] [W. B. H. S. C. 1979] 

43. Choose the correct answer in each of the following. 
Please note that for each wrong answer one mark will be 
deducted: (i) A gaseous mixture contains oxygen and nitrogen 
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in the ratio of 1: 4by weight. Therefore, the ratio of their 
number of molecules is (a)1:4 (b) 1:8 (c) 7:32 (d) 3:16. 
Ans. (c). (ii) The largest number of molecules is in (a) 36 g of 
water (b) 28g of carbon monoxide (c) 46g of ethyl alcohol (d) 
54g of nitrogen pentoxide. Ans. 2x6.023x102%, [Z.I.T. 1979] 
44. 37g of a gas at 25°C occupied the same volume as 
0'184g of hydrogen at 17°C and at the same pressure. What is 
the molecular weight of the gas? Ans. 41°32. E. I. T. 1979] 
45. The vapour density (hydrogen=1) of a mixture consisting 
of NO, and N01 is 38°3 at 267°C, Calculate the number of 
moles of NO% in 100g of the mixture. Ans. 0°438. [Z. I. T. 1979] 
46. Calculate—(i) gm atoms or moles of oxygen in one 
mole of nitric acid molecules, (ii) amount of phosphorous and 
hydrogen present in grams, in 0'2 mole of phosphine, (iii) 
number of phosphorous and hydrogen atoms in 0'25 mole of 
phosphine and (iv) the weight, in grams, of one silver atom. 
[ At. wt. P=31, Ag=108 ] Ans. (i) 3gm atoms or 1'5 gm moles, 
(ii) 62g P and 0'6gH, (iii) 15x 102% atoms of P and 4°51 107° 
atoms of H and (iv) 1'79x10-22 gms.  [W.B.J.E.E. (Tc) 1979] 
47. A cylinder contains 0°3 litre oxygen at 12 atm and 0°C, 
1 litre. of the gas is taken out from the cylinder at N.T.P. Find 
out pressure of the residual gas in the cylinder. 
[ Hints: 12x03=1xV, ~. V,=3'6 litre=vol of Os 
at N. T. P. 


Now, 22'4 litre 02 at N.T.P. weigh 1gm mole ; 


$ 1 : 
36 » 2 9 » » pan 0 
EER n 
Then, 12x V= 224% 0'0821 x 273. 


Where, V=volume of the vessel. 
vy 3600821273 ,,, . 316 0'0821x273P 


224x12 cae 22°4x 12 
=26X ogg? x 273 ao P=866latm: 


À _ 2% 
Number of moles of residual oxygen = 55-4 ] 
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48. A certaih mass of a gas occupies 38 cc at 27°C and 750 
mm. pressure. What volume will it occupy at 17°C and 760 mm. 
pressure? Ans. 36'25 cc. [Hyderabad 1977] 

49, A quantity of Hə collected over water measures 40 cc at 
28°C and 765mm pressure. Calculate the weight of the gas if the 
density of dry Hg at N.T.P. is 0'09 gm. per litre. Ans. 0°003165 
gm. [Hyderabad. 1976] 

50. Two gases A and B having molecular weight 60 and 45 
respectively are enclosed ina vessel. The weight of A is 0'50 gm 
and that of B is 0'2 gm. The total pressure of the mixture is 750 
mm. Calculate the partial pressure of the two gases. Ans. 490'16 
mm ; 259°84 mm. [Roorke Adn. Test. 1973] 

51. 400cc of a gas was collected over water at 17°C and 750 
mm. pressure. What will be the volume of the dry gas under 
standard conditions? Tension of aqueous vapours at 17°C is 
14°4 mm. [Osmania P.U. 1968] Ans. 364'6 cc. : 

52. The atmospheric pressure at a place is 760 mm. of 
mercury. The air at that place contains water vapour, which 
alone exerts a pressure of 10 mm. Ifthe dry air is composed of 
20% oxygen, 70% nitrogen and 10% carbon dioxide, calculate the 
partial pressure of each gas. Ans. 150mm; 525mm; 75 mm. 

53. 100 cc. of nitrogen and 50 cc of chlorine both measured 
at 15°C and 770 mm. pressure are passed into an evacuated flask 
of 250 cc. capacity. What is the total pressure of the mixture at 
20°C? Ans 47 cms. 

54. One gram of hydrogen and l gm.-of oxygen are put in a 2 
litre flask at 27°C. Calculate the partial pressure of each gas, 
the total pressure, and the composition of the mixture in mole | 
percent. Ans, 0°38 atm; 6°15 atm; 6'53 atm; 5°8%; 94°2%. 

55. A vessel of capacity 1 litre contains 16 gms. of oxygen 
and 3 gm. liquid water at 27°C. What will be the pressure of 
the mixture if the water in the vessel is completely vaporised at 
Constant temperature? Ans. 16°4 atms. 

56. A mixture of three gases X, Y and Z is enclosed in a 
flask at 100 cms at 15°C. The mixture contains 25% X and 20% Z 
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by volume. Calculate the pressure of each gas. Ans. 250 mm; 
450 mm ; 300 mm. 

57. Air contains 78'06% nitrogen, 21°00% oxygen and 0°94% 
argon by volume. Calculate the partial pressures of the three 
gases, if air is at a pressure of 758 mm. Ans. 591°6 mm; 159°2 
mm ; 72mm. 

58. Ifagm. mole of any gas occupies 22°4 litres at N.T-P., 
find the volume which 7 gm. of nitrogen would occupy at 27°C 
and 750 mm. pressure. Ans. 5°95 lits. 

59. The volume occupied by 8 gms of Op at 546°K and 380 
mm. of Hg is...litres, (a) 2°8; (b) 448; (c) 224; (d) 2°24; 
(e) 4°48. 

60. Given that one mole of Nz at N.T.P. occupies 22°4 litres, 
the density of Na is (a) 1°25; (b) 0°80; (c) 250; (d) 160; 
(e) 150. 

61. A'mizture of 2 moles of Hg, and 1 mole of He occupies: 
litres at N.T.P. (a) 22°4; (b) 448; (c) 67:2; (d) 22400; 
(e) data insufficient. 

62. A vessel contains a mono-atomic gas whose molecular 
weight is 80. Calculate the diameter of one single atom of the 
gas at S.T.P. 

[ Hint: For mono—atomic gas, atomic wt=molecular wt., 
1 gm. atom=6'023 x 1023 atoms. ] 

63. 3°93 litres of a certain gas at 25°C and 770 mm. pressure 
weigh 4'3 gms. What is the weight of 1000 cc of this gas at 
S.T.P.? Ans. 1'179 gms. 

aes The mass of molecule of oxygen is (a) 5°3x10"** ; 

- (b) 19210723; (c) 5°3x1028; (d) 02x107?°. } à 

65. The molecular weight of a gas is 44. What is its density 
in gm per litre at N.T.P.? Ans. 1'964. 

66. A cylinder of 1 litre capacity is to be filled with hydrogen 
at 82 atm. pressure at 27°C. What will be the density of hydrogen 
in the cylinder? What will be the-volume of- this hydrogen als 
N.T.P.? [ZIT (Gp. A) ’64] Ans. 6°667 gms/litre + 74°62 litres. l 

67. An automobile tyre registered a pressure of 54 lbs. at à 


SOLVED PROBLEMS 39 


temperature of 23°C. After driving on a hot pavement, the tyre 
registered a pressure of 57 lbs ; what was the temperature of the 
tyre, assuming its volume to remain constant ? 

[Jammu and Kashmir P.U. 1967] Ans. 39°44°C. 

68. A flask can bear pressure upto 1'6 atms. It is filled with 
oxygen at 283°A and 76'4 cms. It is now heated till the flask 
explodes. At what temperature does the explosion take place ? 
Ans. 177°2°C. s 

69. A quantity of a gas is taken in a flask at 25°C. To what 
temperature must the flask be heated to increase the pressure in 
the flask by 25%? Ans. 99'5°C. , , 

70. Compare the density of air at 10°C and 750 mm. pressure 
with its density at 15°C and 760 mm. pressure. Ans. 5400: 5377. 

71. Calculate the density of acetylene at 10°C and 3 atms. 
Ans.: 2'067. 4 

72. Ifthe density of a gas is 3°17 gms/litre at N.T.P., what 1s 
its molecular weight? Ans. 71. ; 

73. 00263 gm, of magnesium liberates 28 cc. of moist hydro- 
gen at 27°C and 757 mm. pressure from dilute acid. -Calculate 
the volume of dry hydrogen that will be liberated at N.T.P. by 
the action of 1 gm. of magnesium on the dilute acid. ( Aq. Ten- 
sion at 27°C =26'74 mm. ) Ans. 93118 cc. 

74, Find the weight of one litre of hydrogen measured at 
37°C and 800 mm. pressure. [Orissa, P.U. 1968] Ans. 0°0834 gm. 

(Hint. Weight of one litre Hg at N.T.P.=0'09 gm.] 

75. A balloon has a volume of 500 cc. at 15°C, when it is 
distended to # of its maximum stretching capacity. Will it burst 
if brought into room temperature 27°C? Ans. It will not burst. 

76. The molecular weight of a certain gas is 25°55. Calculate 
the temperature of the gas, if 1°58 gm. of it occupies 1700 cc. at 
68 cm. pressure, Ans. 27°C. ; ’ 

77. If the density of water is 1 gm. per: cc. and the volume, 
occupied by hydrogen molecule and oxygen atom are equal in 
H,O, calculate the radius of oxygen atom if volume of water 

| molecule is 3x 1072° cc. Ans. 1°53 107 cm. 


‘40 FUNDAMENTALS OF CHEMICAL PROBLEMS 


78. The molecular weights of nitrogen and carbon dioxide 
are 28 and 44 respectively. If their molecular volume is 22400 cc. 
at S,T.P., at what temperature carbon dioxide will have the same 
density as nitrogen at constant pressure ? Ans. 156°C. 

79. A certain vessel contains 3'2 gms of argon at S. T. P. 
What would be the mass of argon contained in the vessel at 
200°C and 16 atm. pressure? Ans. 29°54 gms. 

80. (a) calculate the number of molecules in a drop of water 
weighing 0°04 gm. (b) what is volume at N. T. P. of 0'25 gm. 
atom of chlorine gas ? [West Bengal H.S. 1973] Ans. 13°39 x 10?° ; 
4'55 litres. 

81. Calculate the weight of 20 litres of carbon dioxide meas- 
ured at 0°C and 722 mm. pressure. [West Bengal H. S. 1974] 

Ans. 3°73 gms. 

82. Under 740 mm. pressure andat 25°C temperature, 0°15 
gm. of a- gas occupies a volume of 45°95 cc. Calculate the 
density and vapour density of the gas at N. T. P. and the mole- 

cular weight of the gas. (Density of hydrogen = 0'000089 gm/cc 
at N. T. P.) [Calcutta University B. Sc. 1976. Ans. 41 cc; 
0'0036 gm. cc“? ; 40°4 ; 80°8. 

wt. of some volume of gas at N.T.P. ; 
wt. of same volume of Hg at N.T.P. 
Molecular wt. | 

2 

83. 243 cc of a dry gas at 27°C and under a precsuLe of 
770 mm. of Hg weigh 0°28 gm. Calculate the molecular weight of 
the gas. [W.B.E.E. 1970] Ans. 28°011. { 

84. 250 cé of a gas at N.T.P. weigh 0°7317 gm. The density 
of hydrogen at N.T.P. is 008987 gmilitre. Whatis the vapour 
density and density of the gas? Calculate its molecular weight. 
[W.B.E.E. 1978] Ans. 32°799 ; 32°567 and 65°599. 

85. How many molecules of oxygen are there in 1 cc of the 

‘gas at N.T.P. ? [W.B.E.E. 1976] Ans. 268 1018. 

86. How many molecules of water are present in a drop of 
water weighing 0°05 gram? [W.B.H.S.C. (vocational) 1978 l 
Ans. 1673x1023. : 


| Hine. Density = 
I 


Vapour density = 
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87. From 200 mg. of COz; 1024 molecules are removed. 
How many moles of COs are left? [I.I.T. (Gp. A.) 1978 ] 
Ans. 0°002884. 

88. What will be the volume in cc of 8'00 gms of oxygen 
at N.T.P.? [JW.B.H.S.C. (vocational) 1978] Ans. 5559 cc. 

89. 0°23g of a volatile liquid occupied 1264 cc at 27°C and 
740 mm. pressure. Calculate the molecular weight of the liquid. 


How many molecules of the liquid are present in 023g ? 
[I.S.C.E1979 Ans. 3X 1023.] 


CHAPTER 2 


Problems on effusion and diffusion of gases 


Theory : Phenomenan of issuinga gas from very fine hole 
made in the wall of a container is known as effusion. 

Greham’s law of effusion: “At constant temperature and 
pressure, the rates (speeds) of effusion of different gases vary 
inversely as the square root of their densities.” [rate « speed ] 

Ifa gas passes out through a porous wall, phenomenon is 
called diffusion. 

The aforestated law would also be applicable in the case of 
diffusion. If R, and Rg be the rates (speeds) of effusion (diffusion) 
of two gases, having densities dı and d», at constant temperature 
(T) and pressure (P), then 


k k 
R= Vas and R=- i , where & is the. proportion- 


ality constant whose value is constant for the same values of 


pressure and temperature of gases. 


Volume of a gas diffused ] 


Re recon) at 
[Rate of diffusion (efusion) Time required for this diffusion 


Ro dı 

Let tı and tg be the time required for passing out of the same 
volume (V) of the two gases through the same fine hole. 
Ri te /da 


V V 
= —=R T =^ 
Now, t Rı and t Meads Ra i a 


Or, 
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Since temperature and Pressure are kept constant, the molar 
volume (V) of both the gases must have the same value. 


7 ta [dav WEE E — Molecular weight 
Sa ak AN 7 l: Vm Density | 


where, Mı and Mz are the respective molecular weights ; 
= Ms ifferent 
Ri =N ie. Let V, and Vz be the volumes of differe 


gases diffused (effused) in the same interval of time (). 


Vi È n nes 
Ri ones d, Va = də or. us Me 
Then, Pag ves a or, A ae WORMS M, 


Solved problems : 


1. The speeds of diffusion of carbon dioxide and ozone were 
found to be as 0'29 is to 0'274. The relative density of carbon 


dioxide is 22 when H =1. What is the relative density of ozone ? 
[Delhi H. S. 1964.] 


Ri_ /a, 0:29. fdz poses 
We have, Ra Je Or) 5374 Sie ye 


+. the relative density of ozone=24'63. | 


2. 24 ml. of hydrogen diffuse in 180 seconds through a 
Porous disc. 24 ml. of another unknown gas diffuse chro ueh mie 
same disc in 195 seconds. Find out the vapour density of the 
unknown gas. [All India H. S. 1969] 


t ae eS) WE: MEL ieee he 
We have, ae or, rov% <. d} 
vapour density of the unknown gas= 1'173 [Vapour density of 
l. wt _2— 
hydrogen = "0L Yt -2 =1] 


3. Ifone litre of oxygen diffuses through a small crack > E 
apparatus in one hour, how long will it take for a litre of chlorin 
to diffuse through under the same conditions ? 
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ti |My o, Le /32 
Mı s Mo 2 te 7I 
te =1°48 hr. 
4. The speeds of diffusion of carbon dioxide and ozone were 
found to be 0°58 and 0°542 


dioxide be 44, what is the molecular weight of ozone ? 
Riz 


If the molecular weight of carbon 


(Calcutta University, B. Sc. 1969, ’70} 
Ry Ma , Rcoo_ f Mos on 0°53 _ er 
Ra Mı’ Ros N Moos 05427 
Mo; =5039. 
5. 30ml. of ozone diffuse in the same time as 25 ml. of 
chlorine. If the density of chlorine is 35°4, calculate the BRE) 
of ozone. [Aligarh P. U. 1967.] 
Vise fate 
We have, V es 


54 ae 
a. or, 55= ae J. d,=24'6, 
6. 100 cc. of sulphur dioxide diffuse in 31°1 seconds. What 
volume of nitrogen would diffuse in the same time ? 
We have, = We or, me 28 g=I15118 cc. < 
7. Calculate the molecular saa of an unknown gas which 
under precisely similar condition takes 1117 times as long as 
oxygen to diffuse through an aperture 
We have, £ 


[ Ranchi. U. 1971 J 


. M,=39'93. 
molecular weight of an unknown gas=39'93 


8. How long will it take 750 ml. of chlorine to diffuse 


through a porous partition if 300 ml. of oxygen diffuse through 
the same partition in 50 seconds ? 


[Rajasthan P.U. 1966] 
Rit M.: 
Re Va of 


44 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Here, V,=750 ml. ; V2=300 ml. ; tı=? t2=50 seconds ; 
M,=35'5x 2=71°0 E Ma =32, 
750x50_ /35 


o 300xt, N 57 


tı =186'2 seconds. 


9. Ladenburg found that ozonised oxygen containing 86°16% 
of ozone by volume required 430 seconds to diffuse, where as 
the same volume of oxygen required 367°4 seconds under the 
Same conditions. Find the density of ozone. 

Vis assumed to be the volume diffused out in each case. 
Let D, dos and dog be the densities of the mixrure, pure oxygen 
and ozone Tespectively. 


v 
Rao L |/ dos Te 
AVE. D-VpD 

367°4 


T vapour density = mol wt ; dog =32=16] 


(367°4)? _ 16 _ 16x (430)? _ „4. 
aos Di S O KEET VAN =21'92. 


We know that, 
mass of mixture = mass of pure oxygen+mass of pure ozone. 
For 100 cc. volume of the mixture, 

21°92 x 100=do, x 86'16+16 x (100 — 86°16) 
Mass 


Volume 
or, 2192=dos x 86°16+16 x 13°84 
or, dog X86'16=2192—13'84x 16 


Joy = 2192 =221'5 _1970°5 _yo.g¢ 
o, dos = “Seg B16 722 88. 


10. 10 litres of hydrogen are placed in a porous ene 
cylinder with an equal volume of nitrogen. If the speed o 


Density= 


3 Mass= Density X Volume. 
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diffusion of hydrogen from this cylinder is 0'5 litre/hr., what 
will be the proportion of gases in the cylinder after 90 minutes ? 


We have, 


“Ho 
Vy, n Vy a ae 
Ne 
Porous partition 
Fig. 16 

Here, Va, volume of hydrogen diffused=0'5 ; 

Mi NOs of nitrogen diffused ; 

tne =time required for diffusion of hydrogen=1 hr ; 


ty =time required for diffusion of nitrogen=1 hr ; 
2 
DA =density of hydrogen=1 ; 

2 


Dy, =density of nitrogen=14. 


O5x1 = /14 +, Vy,=01337 litre. 
Vue 

Volume of hydrogen diffused after 90 minutes=0'5x15 
=0°7501 litre; volume of nitrogen diffused after 90 minutes 
=0'1337 x 1'5 = 0'2005 litre. 

Volume of hydrogen remains undiffused in the L, H. S. of the 
cylinder ( Fig. 16)) after S0 mints. 

=10 —0°7501 =9'2499=59'25 litres. 
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Volume of nitrogen remains undiffused in the L. H.S. of 
the cylinder (Fig. 16) after 90 mints.=10—0'2005=9'7995=39'80 
litres. 

'. the proportion of hydrogen and nitrogen in the left 
hand side of the cylinder after 90 minute inteval of time 
9:25 _ 185 
980 196 

11. A mixture containing 1'12 litres of H, and 1'12 litres 
of Dz at N.T.P. is taken inside a bulb connected to another bulb 
by a stopcock with a small opening. The second bulb is fully 
evacuated, the stopcock opened for a certain time, and then 
closed. The first bulb is now found to contain 0'05 gm. of He. 
Determine the percentage composition by weight of the gases in 
the second bulb. [At wts. : H=1, D=2] [I.1.T (Group A) 1976.] 

22°4 litres of any gas at N.T.P. weigh lgm. mole. 


weight of 1°12 litre Hy at N.T.P.=554x112=01 gm. 
Weight of 1'12 litre Dg at N.T.P.= sqrt l2=02 gm. 


‘t 1 gm. mole=molecular weight expressed in gms. 


Now, the volume of 0'05 gm. He at N.T.P,= "24 x 005 


=0'56 lits. This 0°56 litre He remains uneffused after t sec- 


a. the volume of H, eftused out of the Ist bulb-after t sec. 
=1°12—0.56=0'56 lits. 


Let the volume of Dg effused out of the 1st bulb in the same 


time (t sec) be Vp, expressed in litres. 
2 


0°56 


Then, rate of effusion of Lelie ; rate of effusion of 
V. R M 
D,=—22, We have now, ey cae 
Piece R, My 
2 2 
O56 J4 
or, y = $ n Vp =04 litre. 
- 2 £ 
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the volume of D, effused at N.T.P. into the 2nd bulb. 
= 0-4 litre ; the weight of 0'4 litre Dy at N.T.P. 


=0 4x 5 =007 gm, 


The weight of hydrogen in the 2nd bulb=0°1—0°05=0'05 gm. 
' Thus, the 2nd bulb contains 0°07 gm. of Ds and 0'05 gm. of He 


~". %ofDa = 207 x100=583; 
% of H3=2 9 x 100= 41:7 . <. total wt, of (HARDEE 


mixture in the 2nd bulb=0°05+0'07=0'12 gm. 

12. 100 cc. hydrogen are confined in one side of a cylinder 
partitioned with a porous wall. A sample of air is in the other 
side of the cylinder. Diffusion takes place. After sufficient 
time find the composition of gases in the two compartments, 
given the densities of hydrogen and air respectively as 0°09 and 
1°293 gm. per litre. 


2 / 
POROUSWALL tee ‘and 


CYLINDER 


Fig. 17 a Fig. 18 
M SIP 
t 009 
We have, 107 T293 ° 
t 
V=26'4 cc. .. atthe end of diffusion, *100 cc. hydrogen 
bave come ito the 2nd compartment, at the same time interval 
V=26'4 cc of air, entered Ist compartment. 


Problems for practice : 
1. 57 ml. of hydrogen takes the same time for diffusion 


through a porous vessel as 10 ml. of another gas G. Calculate the 
molecular weight of G. Panjab. P.U. 1969. Ans. 64°98, 
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2. A unknown gas diffuses four times as quickly as oxygen. 
Calculate the molecular weight of the gas. Panjab. P. U. 1964. 
Ans. 2, : 

3. The relative rate of diffusion ofa gas A as compared with 
chlorine is as6:5. Taking the vapour density of chlorine as 36, 
calculate the molecular weight of the gas A. Bihar H.S. 1964. 
Ans, 50. 

4, Calculate the relative rates of diffusion of 2°5UF, and 
2330F, in the gaseous form. ( At. wt.: F=19) I. I. T. (Group B) 
1976. Ans. 1°0043 : 1°0000. 

5. 2ml. ozone takes the same time for diffusion through a 
porous tube as 9°8 ml. of hydrogen? Calculate the vapour 
density and molecular weight of ozone if the vapour density of 
hydrogen=1. Kashmir Inter, 1960. Ans. 24°01 ; 43°02. 

6. 180 ml. of a hydrocarbon diffuse through a porous 
membrane in 15 minutes while 120 ml. of sulphur dioxide, under 
identical conditions, diffuse in 20 minutes. What is the 
bie Nac weight of the hydrocarbon? I.I. T. (Group A) 1971. 
Ans. 16. 

7. If 150 ml. of oxygen takes 25 seconds to diffuse through 
a porous lid, how long will 200 ml. of carbon dioxide take to 
diffuse under the same conditions? Molecular weights of oxygen 
and carbon dioxide are 33 and 44 respectively. Bihar H. S. 1962. 
Ans, 39°08 seconds. 

8. If 100 volumes of air take 9 seconds to diffuse from a 
vessel, how long would it take the same volume of chlorine to do 
under similar conditions ? Densities of air and chlorine are being 
144 and 355 respectively. Panjab P.U. 1967, Ans. 1413 
seconds, 

9. I£50ml. of hydrogen take 10 minutes to diffuse out of a 
vessel how much time will be required for 75 ml. of chlorine to 
diffuse under the same conditions? How fast will hydrogen 
diffuse as compared to chlorine ? Relative density of hydrogen 
is 1 and that of chlorine is 36. Marathwada P. U. 1969. 
Ans. 90 mints, 


Ñ 


~ gases: 
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10. Calculate the rate of diffusion of hydrogen gas when 
950 cc. of it diffused out in 60 seconds through a porous partition.. 
How many seconds would be required to diffuse 1560 ml. of the 
gas at this rate? Ans. 16cc/sec ; 97°5 seconds. 

11. Ladenburg found that a sample of ozonised oxygen 
containing 86'16% of ozone by weight required 430 seconds to 
diffuse under conditions where pure oxygen required 367'5: 
seconds. Determine the vapour density of ozone. Ans. 23°3. 

12. A given volume of ozonised oxygen containing 20% by 
volume of ozone, required 175 seconds to diffuse, while an equal 
volume of oxygen required only 168 seconds under the same 
conditions, Find the vapour density of ozone. Magadh U. I. Sc.. 
1970A ; Madhya Pradesh. Inter science. 1964. Ans. 22°8. 

13. The rate of diffusion of a certain gas A having molecular 
weight 60 is 5'121 cc per second. What would be the rate oil 
diffusion of oxygen? Ans. 7'012 cc/sec. 

14. 16 cc. of a gas A were found to diffuse in 30 seconds.. 
What volume of another gas B would diffuse in the same interval 
of time under the same conditions of pressure and temperature ? 
Mol. wt. of A=2; Mol. wt. of B=64. Ans. 2'828 cc. 

15. The relative rate of diffusion of a sample of ozonised 
oxygen and chlorine was noticed to be as 5'95 : 4°08. Calculate 
the percentage of ozone in the ozonised oxygen. Mol. wt. of 
ozone=48 ; Mol. wt. of chlorine=71. Ans, 8°625%. 

16. 25 cc. of oxygen diffuse through a porous partition in 100 
seconds, What volume of carbon dioxide will diffuse in the same 
time under the same conditions of temperature and pressure f 
Ans. 21°32 sec. 

17. Calculate volume of nitric oxide which will diffuse out 
of a porous wall in 10 seconds, when 25 cc of methane gas diffuse 
out in 4 seconds, [Relative density of mitric oxide=15 ; Relative 
density of CH,=8] Ans. 45°64 cc. 

18. Compare the times of diffusion through a given orifice, 
under the same conditions of temperature and pressure, of the 
Hə, NHs and COs, relative to that of Ns, using the 


4 


50 FUNDAMENTALS OF CHEMICAL PROBLEMS 


known molecular weights of the gases. Calcutta University. 


1 a Tey Cape: 
B. Sc. 1976. Ans. 3753 T283 0797 

19. Choose the appropriate answer :—The rates of diffusion 
of two gases X and Y are in the ratio 1:3. The molecular weight 
of Y is 2. The molecular weight of gas X is (i) 9, (ii) 18, (iii) 27, 
(iv) 36°0. Sambalpur (Orissa) H. S. 1978. 

20 Deduce the relative rates of diffusion of the following 
gases hydrogen, ammonia; carbon dioxide. Patna U. 1970A. Ans- 
4721612: 1. 

21, Anon metallic gaseous oxide contains 50% oxygen, The 
relative speeds of diffusion of carbon dioxide (CO,) and gaseous 
oxide were 12:1. Find the equivalent weight of the non 
metal. Magadh U. I.Sc. 1969A. Ans. 8. 

22. 250 cc. of oxygen take 100 seconds to diffuse. _WNihat 
volume of CO% gas will diffuse under like conditions in 15 
seconds? Bihar U. 1961 A; Ranchi U. I. Sc. 1962 A, 1973 A. 
Ans. 319°8 cc. 


23. The speeds of diffusion of carbon dioxide and another 
gas were found to be in the ratio of 0°29 to 0°27). Given that 
the molecular weight of carbon dioxide is 44, find the molecular 
weight of the second gas. Hyderabad I. Sc. 1974. Ans. 50°39. 


24, The densities of hydrogen and oxygen are in the F706 
1:16. If 20 cc of hydrogen diffuse out of a porous vessel in 
seconds, what time will the same volume of oxygen take to dire 
under the same conditions? Hyderabad I. Sc. 1976. Ans. 
seconds. 3 


25. 100 ml hydrogen take 20 minutes to diffuse in a po 
vessel. How long will take to diffuse 40 ml oxygen under : ver, 
conditions ? Lalit Narayan Mithila U. 1976A (I.Sc.) ADs: mints 

26. Show that the rate of diffusion of hydrogen is four times 
that of oxygen. Hyderabad. I. Sc. 1977. ah 

27, Relative rates of diffusion of ozone as competed wi 
chlorine is 6:5. If the density of chlorine is 35°5, find the GS z 
of ozone. Indian School Certificate Examination, 1978. Ds: 
24'652; 7 

28. 1-litre-of hydrogen diffuses through a porous pot an 
95 secs. What is the molecular weight of an unknown gas, 
1 litre of which diftuses through the same pot in 5 minutes 55secs. 
under the same conditions ? Ranchi U. 1979. Ans. 27°93. 


CHAPTER 3 


Problems on Chemical] equilibrium 


Chemical equilibrium: is the state of a reversible homo- 
geneous reactionin which the rate of forward reaction is the 
same as that of the backward reaction. 


Law of mass action :— 


This law states according to Guldberg and Waage that the 
rate (speed) of a chemical reaction is proportional to the product 
of the active masses of the reacting substances at the instant 
from the commencement of the reaction at constant temperature. 


Active mass :— 


Active mass is a unit of concentration, can be defined as the 
number of gm. moles of a substance present per unit volume of 
the reaction mixture. This mass is active in helping production 
of further amount of products. 


Rate (speed) of a chemical reaction :— 


A very'small amount of a reactant or each reactant ( in equal 
amount ), used for production of product or products per unit 
time interval is known as rate (speed) of a chemical reaction. 

X,=amount of reactant (in gm. mole/litre) at the start of the 
reaction when time recorded is tı (sec). 

X,.=amount of reactant unused after At (sec) time interval 
from the very start of the reaction. 

X,—X,=amount of reactant used after At interval 
of time. A 

or, Xı—-X=AX; where AX=difference in amount of 
the reactant. 

Again, At=tg-t; 3 tg=time recorded when At time elapsed 
from the commencement of the reaction. 

AX 


Now, jie of the reaction but «t Až -rate of the 


Ai>0 
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reaction = 2, As rate increases with time, rate is determined, 
considering a very small time interval on introducing limiting 
idea. Here, aX represents rate or speed of a chemical 


reaction. 
Let a=initial amount of a reactant in gm. mole/litre ; 
X=amount of the reactant used in tsec. time interval ; 
a—X=amount of the reactant unused after t time. 
Then, rate of the reaction= a= X), 
dak) dan AKL dR ty, 
dt drdi tdi i 


a= constant. 


- Active mass=4—* 3 V=volume of the vessel where reaction 


takes place. 
For the reversible homogeneous reaction 


A+B=C+D 
eo SEAS Geol 


o-c, xc, [AT [B] 
‘+ K_a Rate constant of forward reaction : 
© Rate constant of backward reaction 
Where ‘[ P, the symbol represents concentration at the 
equilibrium stage and K, is the equilibrium constant in terms of 
Concentrations at the temperature T°A. 
For a general homogeneous reversible reaction ; 
aA+bB=gC +hD : 
ae C,° x Co" (C]* [D]" 
COE cy’ ~ [AJ* (By?° 
If the component gases behave ideally or approximate closely 
ideal behaviour, concentration of each component of the reaction 
is proportional to its partial pressure. 
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Where, K, =equilibrium constant interms of partial pressures 
at T°A.p stands for partial pressure. 


Kp=K (RT)4"; where, Anisa difference in the sum of 
moles of the1<actants from that of the products. 

For thehomogeneous gaseous dissociation, 

AB,=A+bB, at equilibrium when the fraction < (degree of 
dissociation) of 1 mole AB, has dissociated, the number of moles 
of A produced from AB, is then«; the number of moles of 
Bis bx; and the number of moles of AB, intact is (1—«). Total 
number of moles of gas mixture at equilibrium is l—x+bx+4= 
1+b«. If the total pressure of the mixture becomes P, then 
applying Dalton’s law of partial pressures (vide. Chapter 1), 


we can write at equilibrium, 


n. 
Syiar tap BL bx 
PONE r N air 


" AB» p_ esr 


pAb — NA BRS 


On substitution these partial pressure values in the expression 


DP. 
Kiya 
PABy 
. 4 ba b 
—P. |P v 
we can write, K=1tbt tbt ) a AOD 
1 Foa? 
ZAP 


When b=1; then K=” 


Examples: (i) PCla P Cls (4) t Olze) ; 


[ (g) represents gaseous state] 
(ii) NH4 Cly NH sg) + HCl g) 5 


(iii) COCl2a(, CO’) + Clary), 
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The reaction where the produets of dissociation are’ indis- 
tinguishable, can be written as 
Ayii=(b+)) A. 
This equation can never be expressed as 
Abı ™bå +A. 
Where bA has been distinguished from. A giae is apparenay 
impossible. 


—(b+1)« US 
eroa aiat era 


On 'substitution these partial pressure values in the expression 


p ,(b+1) 


Here, Pa 


p 
Âb+1 
we can write, 
CD b+1 
+1)x 
SA 1+b« P } 
iS <p T b 
T (1-+b«)"(1—4) 
When b=1, as in the case of diatomic molecule Az, 
reaction is Ag=2A, can never be written as, 


AgeA+A. 


te+pqgt tipt 


the 


2 
Then, Kymi y 


: =2 
Examples (i) AS NOa(,) : 
(ii) Tag 21 (g). 
N. S a molecule : one molecule comprises two atoms- 
; where, one molecule of a substance splits up into 
=é Si 
n molecules on heating ; 


do =true vapour density assuming nil dissociation ; i 
: i iati as 
d=apparent or observed vapour density when dissociation 


h fai M i to 
occurred ; 4=degree of dissociation. do="5: according 
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Avogadro. Where, M represents molecular weight of the 


substance. s 
For, NH4C! (gx Ng) tHE! (2) 


n—nt nx nx 


PV =(n tnx) RT for (n+nx) gm mole of the above mixture 
after dissociation. Assuming that the mixture behabes ideally. 

P=total pressure, exerted by the mixture of ammonia, 
hydrogen chloride and undissociated ammoniun chloride ; 

V=volume of the vessel where reaction sets in ; 

n=total number of moles of ammonium chloride before 
dissociation , T is the temperature at which dissociation goes on 
R=universal molar gas constant. 


W ge 
or, PV=n(1+9RT; PV=ŅCFORT `. now, 
W stands for weight in gms. of the substance. 
<2 
For, Tagle) 
n-nx4 2n4 
PV 3(n—nt+2n4)RT or, PV =(n-+n«)RT. 
Thermal dissociation of hydrogen sulphide 
2H aS o 2a (g) 52/4) 
2—24 24 x 
Total number of moles of the mixture at the equilibrium 
= 2-224 +4=2+4. 
P =2-2íp. P =L 
BaS apa 3 OTa 5 
P, Sa 
Sag“ 34a" 


On substitution these values of partial pressure in’ the 


expression Ky 
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2x = x 
——P 
we can write K= ae) ža Ciero, 
a E (2+«)(1—4) 
p) 
2+4 


Where, P stands for total pressure of the mixture ; a= degree 
of dissociation. 


Synthesis of ammonia 
_Na(g) + 3Ha (2NA sea) 
IEE O— Oke 2X ` 
Total number of moles of the mixture at the equilibrium 
=1—-X+3-3X+2X=4-2x, 


16X2(2— xX)? 
Thus, Komar apr- 


Where, P=total pressure ; 
X=amount of each reactant used from 1 gm. mole. 
Formation of sulphur trioxide 
2SOa, 4) + 02/4280.) 
2-2X 1-X 2x 
Total number of moles of the mixture at the equilibrium 
=2-2X+1-X+2X=3-X. 


_2X2(3— X) 
Ky QU- XPP 


Synthesis of nitric oxide 
Na (gyt Og 2NO g) 
a DEK 2 X 


Thus, 


Pressure consideration 

If ‘a’ moles of nitrogen (Ng) and ‘b’ moles of oxygen (Og) are 
taken initially and if 2X moles of nitric oxide (NO) are formed 
at equilibrium, we have, total number of moles of the Ges 
=a-—X+b~X+2X=a+b; number of moles of unused nitrogen 
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=a—X ; number of moles of unused oxygen=b— X and number 
of moles of nitric oxide formed =2X. 


?*NO (er) 
Now, K= =— = 
í PNal Os (ee (le 


psoas 
(a—X)(b - X) 
Where, P stands for total pressure. 


Volume Consideration 


2X\2 
eno 7 a ee ae 
[Na] Wal (ee Pe) ~ (a-X)(b- X) 

v Nv 


Where, V=Volume of the vessel expressed inlit, active mass 


of no=% ; active mass of Na= 2 and active mass of 
“yak 
O2= y` 


Esterification of acetic acid by ethyl alcohol 
This reaction is represented by the following equation, 
CH,COOH+C2H,OH= } CHgCOOC2H,+ H,O 
(Liquid (Liquid (Liquid (water) 
acetic acid) ethylalcohol) ethyl acetate) 

[f ‘a’ moles of acetic acid and ‘b’ moles of ethyl alcohol are 
initially taken and if X moles of ethyl acetate are produced at 
the equilibrium stage, we have, 

K, = [CHsCOOC,H,J/H,0] L X? 

(CH,COOH](CsH,OH] (a-X)(b-X) 

Le Chatelier’s principle (1885) 

The Chatelier’s principle 

Statement ia French as well as in English ¢ 
Quant un systéme á équilibre est assujetti á une 
When a system at equilibrium is subjected to a 
force (comme changement du pression, tempera 


ture et concentra- 


tion) 
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stress (such as change of pressure, temperature and concentration), 
le systéme ira 4 la direction ow il 

the system will go to that direction where it 

se soulage de la force. 

itself relieves of that stress. 


Example: (i) The equilibrium mixture of NO, (gas)+ CO 
(gas)=COz (gas) +NO (sas) exists at a definite temperature and 
at a total pressure of 2atm. If the total pressure be increased 
to 4 atm will the amount of products increase, decrease or remain 
the same? Explain your answer. 

(ii) In the above reaction, if the partial pressure of co be 
increased by introducing more CO into the system from outside, 
how will the amount of products be affected? (Answer only in 
qualitative terms) W.B.H.S.C. 1978. 

(i) The number of moles is the same on both sides of the 
equation and there is no change in volume. Therefore a change of 
Pressure (2 atm to 4 atm) at definite temperature and concentra- 
tion has no effect on the reaction. Hence, the amount of products 
remains the same with the increase of total pressure to 4 atm. — 

(ii) At definite temperature and pressure, on the introduction 
of more CO into the system from outside, the amount of products 
will increase. According to le Chatelier’s principle the reaction 
will go to that direction where it can diminish some of additional 
number of moles of CO. Thus, forward reaction is favourable 
with the formation of more products. Diminution is possible 
only when there is further reaction in the forward direction. 

System : A homogeneous reversible reaction or a heterogeneous 
reversible reaction. 

Heterogeneous reaction: In this type of reaction components 
are neither in same phase nor in definite proportion. 

Homogeneous reaction: In this type of reaction compone 
are in same phase and in definite proportion. 

System at equilibrium: System is at definite temperature, 
pressure and concentration of each component of the reaction 

mixture. 


nts 
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Subjected to a stress: Variation of temperature, pressure and 
concentration. Temperature is varied keeping pressure and 
concentration constant, pressure is altered keeping temperature 
and concentration constant and concentration is changed at 


definite temperature and pressure. 

Solved Problems : 

1. Foran equilibrium reaction, the rate constant for the 
forward reaction and the backward reaction is 2'38 x 10-* and 
8'15 x 1075 respectively. Find out the equilibrium constant for 


this reaction. 
We have, equilibrium constant 

rate constant of forward reaction 

tate constant of backward reaction 
2:38 X l0sS ee: 

Or, K,= = B15 x 1078 1078 92. 
2. One mole of A and one mole of B are mixed ina volume 
If 0'9 mole per litre of C is found at following 


of one litre. 
equilibrium reaction, / 


4@* For Cit Be, 
find out the equilibrium constant interms of concentrations. 
a 
We have, K, “T0907 1-0578! 


1 1 


en Aye B= Sgt Hy 
ISX NSN A 
Va AS SV aE Vier V- 
Here, X=09; V=} litre. 
3. Under equilibrium conditions the amount of HI in a 
litre vessel was 12'8 gms. Find out the equilibrium concentra- 


tion of HI. 
128 


Equilibrium concentration of H=. 
Where, M=molecular weight of HI=1+127 =128. 
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128 
=128 128E li 
or, 3 =x 0'033 mole/lit. 


4, When alcohol and acetic acid are mixed together in equi- 
molecular proportions 66'5% are converted into ester. Calculate 
how much ester would be produced if one mole of acetic acid is 
treated respectively with 0°5,4 and 8 moles of alcohol, 

Gorakhpur U. 1961 ; Patna U. 1967. 

Equation of the reaction is, 

C,H;0H+CH,COOH=CHs,COOC2H;+H20 
a= A b-X xX x 
Where, a= initial number of moles of C,H,OH per litre ; 
b= , 3 $ » » CHCOOH,» » 5 

X=number of moles of CHOH and CHCOOH per lite 
used=number of moles of CH;COOC,H; and H30 per litre 
formed ; 

a— X=number of moles of C,H,OH per litre unused and 

b- X=number of moles of CHCOOH per litre unused. 

E x? penn (6615) Sian. 

Now, Keco Xt- mees 7 22 

a=b=100. 

(i) When 1 mole of acetic acid reacts with 0'5 mole of , 
ethyl alcohol. 


= x* 64X? —12:96X-+4'32=0 
32 (= X\05—X) or, 664X 
or, X=0'432. 
ii) 4'32= x? xX=0'930. 
(ii) 4'32 CESIS or, 
(ii) 432=— _*? __ , X=0967. 
tii) 4°32 -D65 Or, 


er 
5, Ifa mixture of 3 moles of H, to 1 mole of iis eee 
a constant pressure of 100 atms to form at equilibrium 0 
ammonia, calculate Kp. 
From the equation, 4 No +3H2=NHs, 1 
A : of 
0'5 moleNg and 1'5 mole Ho disappear for the formation 
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every single mole of NHg. Therefore, 0'25 mole Ns and 0°75 
mole He are to disappear for the formation of 0'5 mole NHs. 

So, 1—0°25=0°75 mole N3 ; 

3-0°75=2'25 moles of Hg and 0'5 mole NHs, are present at 
the equilibrium. 

Total number of moles of the mixture at equilibrium equals 


0°75 +2'25+05=3'5. 
2°25 


075 2 05 
Mole fraction of Na 35” of H, = 35 and of NH, 35 


Substituting these values in the expression, 
ee 32 x 100 
KEN E Ee oji (22 x 100)8 
=5'98 x 10-8 atm ~+. 
Where, XNE; =mole fraction of NH; ; Zy, = mole fraction 


K= 


of Ne ; Xyz, =mole fraction of Ha and P=total pressure. 


6. A vessel contains ozone and oxygen at equilibrium with 
equilibrium constant in terms of partial pressures =4'0 x 1012 
for the homogeneous reversible reaction, 20,=30,. Ifthe 
mixture contains Og and O% in the molar proportion 1 : 980,” 
what are the partial pressures of Og and O% in the equilibrium 
state ? 

3 
=" 0240x1012 


5 
3 


We have, Ky 


As partial pressure of a gas is directly proportional to the 
number of moles of that gas, 


p 
POSTEL 3 
Po, 980°" ope KO 
980 p9:)® (980)? p? 
or, 4xio7=! ws D O3- (980)" P0; 


O; PO, Os; 
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tan —4%107?_ 4x1012 _4x109 
** Os (980) ~~ (98)8(10)8 (98)° 
Po, =980 x 4'2 x 10° = 4116 x 10? = 41716 x 105 atm. 


7. The equilibrium constant for the homogeneous reversible 
reaction, 25S03(g)=2SO2(g)+Oz (g), in terms of partial pressures 
is 32°25xX10-? at 300°A. What is its equilibrium constant in 
terms of concentration at the same temperature ? 


We have, Ky=K,(RT)4”" or, 32:25x10-2=K,(RT)4” 


or, 3225x107? =K,(0:0821 x 300) 4” 
: -2 
z% ener Anaa om] 
(0:9821 x 300)” 
„3225x1072 _3:25x10-3 _}. + 
Ke= 0821x300 Oe2lxa 219X10. 
8. PCI; is 80% dissociated at 250°C. Find its vapour 


density at that temperature. (P=3l) ; 
Ranchi University, 1969, °74, °77. 


=4'2x 10° atm. 


or, 


E E ee 
= i009 8=degree of dissociation. 
aa dord i — Molecular weight of PCl; 
(n—1)d’ 9 2 


=true vapour density 5 
d=vopour density at 250°C ; n=2 for the reaction, 
PCI,=PCl, + Cle. 
orga AGL 955 x 5) - 4101254 
or, 08xd=10425-d or, d+08d=10425 
10425 & 

or, dea =57°916. 

9, 135 cc of HI is produced from the interaction of S 
of Haand 93cc of I, vapour at 444°C. Calculate the equili- 
brium constant at this temperature. 

Magadh University (Bihar) 1963, 66A ; Patna U. 1966A. 

Ha+ I =2HI 

lcc lcc 2cc (at the same temperature and pressure) i 

1 mole-Imole 2 mole (according to Avogadro’s hypothesis) 


8'1 ce 
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Or, 4mole 3 mole 1 mole 
ie. doc} ce lec 
Or, 6°75cc 6'75.cc 13°50 cc (according to the question) 

13°50 s 13°50 
—17 40 17°40_ 182°25 _ «5. 

1°35 x255 374425 OA 

17°40" 17°40 

total volume =1'35+2'55+13'5=17'40 cc. 
10. Phosphorous pentachloride dissociates as, PCI;=PCl; 

+Clg at 200°C. Calculate the equilibrium constant in terms of 


partial pressures, when 5 gm Clg and 11 gm PCI, were found to 
(R=0'082 lit. atm. deg™*. 


K. 


be present per litre in equilibrium. 


mole” 1). 
Number of moles of chlorine/litre=Number of moles of PCl} 


[litre (according to recation)=7;=0'0704 ',' Mol. wt, of Cla =71. 


Number ofmoles of PCl, left undecomposedllitre =o 3 
=0'0527 
Mol. wt. of PCls=31+355x5=2085 °.’ At. wt. 
of P=31. 
K, (equilibrium constant in terms of concentrations) 
_ 00704 x 00704 
ese 00527 


=940'4478. We have, Ky=K, (RT)4”. 

K =940'4478 x (0:082 x 473)=1590 atms. 
An=0°'0704+ 0°0704 — 10527 =0°0881 ; 
T =273+200=473°A. 

Dissociation reaction follows the equation, PCls 

11. Phosphorous pentachloride dissociates as, 
+Cl,. Calculate the number of moles of chlorine produced when 
two moles of PCl; are heated at 250°C in a vessel of two litre 
capacity. The equilibrium constant of the reaction at 250°C is 
0'041. Bombay University I. Sc. 1976. 


FAR Tore ; «=Degree of dissociation. 


PCl] +Cl2- 
PCI,=PCls 


64 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Number of moles of PCI, per litre=Number of moles of Cle 


per litre == =4, 


Number of moles of undissociated PCI, /litre=2 SM a1 —4, 
Ge Sl 041 = 2-0 
Ko Tox =< or, CoE E or, «2=0041. 


« is neglected as compared to unity. 
«=0'202=number of moles of Cle/litre. 

12. At what pressure is only 1'0% I> not dissociated to 
atoms at 800°C if K,=1'050x10-? atm for the reaction 
To(g)==21/g) ? 

If 1'0% is not dissociated, «=0'99=degree of dissociation. 


2 
l+ ow aram 21 

= See r *(g) a) , Products are indisting 
=— P 1-« 
1+« 

uishable. 
442 i Ke 
Or, Ky=y—zaP Or, pals E 


MEO aes rane 
Sazon 00210; 


e. K =538 x 1075 atms. 

13. At elevated temperature gaseous iodine dissociates into 
atoms to such an extent that apparent pressure P deviates mea- 
surably from expected pressure Py. Ifthe total pressure diff- 
erence is due to dissociation, calculate K, for the process 
Izra) Sg) at 800°C if Po =0'3153 atm and if P=0°3429 atm. 

Since pressure is directly proportional to the ar ee of free 


particles at definite volume and temperature, fo =i Where, 


Po=the pressure exerted by the system had there been no disso- 
ciation; P=the pressure exerted by the system had there been 
dissociation and 4=degree of dissociation. 
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a 


Ta = 21, P 
DAO PENEAN 
1-« B P 1-«+2« 
En _P-P 
i+< Or, « Tp 
24 
sae 
Now, x, eet a 
Trt Ge 
P-Po\? 
4( Po ) P P-P} 


=———"3 
Gay? 


= (x00777 =1:06x10- atm. 

14, A mixture of SO, ann Og in the molar ratio 2:1 was 
kept over platinum catalyst in a reaction vessel at 650°C, the 
librium being foundto be 10 atms. If 60% 


total pressure at equi 
of SOs be converted to SOs in this reaction, calculate the 
equilibrium constant (Kp) for the reaction. 

Calcutta University B.Sc. 1973. 


a “I 
25024 re Where, «=degree of dissociation ; 
total number of moles=2—2% 41 =4424=3-4% and P=total 


pressure. 


24 \e 
Ke (=e . 263 
(ze) ar) 


_2«0°6x0°6x (3-06) 21, bs te Onis 
(1-0%)1-06) 10 T61 sxi- 10 ) 1°08 mole. atm.-? `. 4=i997° 6. 

15. Ina mixture of l part of Ng to 3 par 
percent of NH, at equilibrium was found to 
total pressure of 10 atms. Calculate the pre 
equilibrium mixture at this temperature contains 
cent of NHs. 


5 


ts of He, the mole 
be 1'20 at 500°C, at 
ssure at which the 
10°4 mole per 
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Let “NH; =mole fraction of NH3. 


n 
[e a an] 
Not He +”NH 
a ee 3 x _ 12), des 
+» NH3 100=1'2 or NHs=7990 012. 
Now, *H,=3(1-0'012) and *Na=}(1- 0012). 
Nə and He are in 1:3 mole proportion ; the sum of mole 
fractions of No, He and NH; is unity. 
For the reaction; Ng +3Ho=2NHsz ; 


= Cy)? 
i Gy, Peg, P} 


0 (0012 x 10)2 
4(1—0°012) x 10x {4 — 0012) x 10}? 


=1'43x10-5 mole, atm“? ', P= 10 atms. 
Again, 100*NH,=104 |, * NH,;=0'1. 
; aie (01x p')? . = ms. 
143 x 10 HI=0Dy xao «P15 at 
16. When Ne and Hg are mixed in the proportion 1: Se 
S0 atm. pressure and 650°C, the equilibrium concentration of 
ammonia is 25% by weight. Calculate the equilibrium constant. 
Calcutta. U. B. Sc. 1969. 
We have, N2+3H,=2NHz. We therefore see (14%2) 
parts of Ns by weight react with (3x2) parts of Ha by weight 
to form ammonia in the reaction i.e., in (28+6) parts by weight 
of the mixture of Ns and H» there are 28 parts of Ng by wt. 
and 6 parts of H by wt. Therefore in 100 parts by weight of 
the mixture there are : 
Na=34 (100-25)=8$}x75=61764% by wt; H.=;(100- 25) 
=74 X75=13235% by wt and NH}=25% by wt (according to 
the question). The Percentages by wt expressed interms of 
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number of moles are given as No= 


=6'617 and NH =}4=1'470. 


61°764 = oe .. p77 13:235 
Sen = 21006 5 Ha= 


2°206 — 2'206 


The mole fraction ofNs=>506 4661741470 10293" 

The mole fraction of Hy= 90. The mole fraction of NH, 
= 20 Substituting these values of mole fractions in the 

10°293 
expression, 
1'470 2 
oe P’NHa 1029340) ; 
vas 3 Ast 5 
pea!) 2°206 6'617 
Na” Ha i9293” (F253 *°%) 


,' p=mol. fraction x total pressure. 

K,=9'48x10-* mole~* atm~2. at 650°C. 

17, 45 gms of PCls (molecular weight=208'5) were 
completely vaporised at 250°C and the vapour occupied 1'7 litres 
at one atm. Calculate the degree of dissociation and the 
equilibrium constant of PCl, at this temperature. 

Calcutta. U. 1963. B.Sc. ; Agra. U. 1966, 


We have, py=W(1+4)RT. Given, P=1 atm ; V=17 lits ; 


w=45 gms; M=2085; T=250+273=523°A and R 
=0°'0821 lit. atm/deg/mole (known). 


mA F 
1x17= 542-(1-+4)x 00821 x523 or, «=0'8356. 


Now, Ky= (ts for PCl; dissociation. 
_ (08356) x1 _ 5. 
Ks~7_ e357 


18. 0'492-gm of nitrogen tetroxide occupies 241 ml at 65°C 
and 753 mm. Calculate the apparent molecular weight and the 
degree of dissociation. Lucknow. U. 1961. 

We have, py =Z+9re. 753 „241 et 4-4) 


760 1000 M 
X 0'0821 x 388 
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-. %=0'608. Degree of dissociation =60'8%. 
= do-d ; X 
4 G@—Dd for the reaction N20,=2NOz. 


Mo_M 
o60g=2 2 » Vap. density =%. 
(2 = DS 


Or, 0608—Mo“—M_92-M . M=572. Apparent mol. 
o M M i 
wt=57 Be 
19, 480 ml N20, ina diffusion tube enclosed ina steam 
jacket is exposed to air. It is noted that the tube contains 700 mì 
of air at 100°C. Calculate the degree of dissociation. 
[ Vapour density of air=14°41] 
We have from Graham’s law of diffusion, 
R SVEA DA 
Rə Vz D: 
Time for diffusion is supposed to be same i. e., t4 =to. 
Where, Rı=rate of diffusion of N20; ; Ro=rate of diffusion 
of air ; Vi=Volume of N:O, diffused; Vo2=Volume of air 


diffused ; D;,=Vapour density of NO, and Dz = Vapour density 
of air, 
Vi- De V1)5_Ds Or, D,=(V2 ? Da 
Va Vp; > (y) =p os Dix (FA) 
Or, Di= (70) Pi4'41=30'64, 
= Do=Di A6- 3064 i p 924e, 
Noy, i4 (»-1)D, @-1)3064 ` Po=3 


Or, «=0'5013. Degree of dissociation =50'13% 

` true molecular weight of NaO, =92. 

Problems for practice : SE 

1l. For an equilibrium reaction, the rate constant for the 
forward reaction and the backward reaction is 238x1074 and 
8°15 x 10-5 respectively. The equilibrium constant for ; this 
Teaction will be (a) 0°34; (b) 342; (c) 292; (d) 0292; 
(e) none of the above. 
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; Ai AgtBa ~ at Hay One mole of A and one mole of 


B are mixed in a volume of one litre. If 0'9 mole per litre of C 
is found at equilibrium, the equilibrium constant K is 
(0:9)x (0'1 (0:9) x (0'9 
O 09x0 © TIKON’ 
(09)x(1) (01) x (0'9 

(c) 01x09)? (d) eran ). 

3. 1°588 gms of N}O4 gives a total pressure of 760 mm when 
partially dissociated in a 500ml glass vessel at 25°C, what is 
the degree of dissociation? (a) 0°184; (b) 0°648; (c) 0514; 
(d) 0°43, 

4. Under equilibrium conditions the amount of HI ina 
3 litre vessel was 12'8 gms. Its equilibrium concentration is 
(a) 4267 moles/litre ; (b) 0°033 mole/litre ; (c) 0'1 mole/litre ; 
{d) none of the above three values. 

5. 2gms of NH,Clare heated in one litre flask to 300°C. 
From the measurement of pressure it was found that 98% of 
NH,ClI was dissociated. If to this flask 2 gms of dry ammonia 
is added, what would be the percentage of dissociation ? [Hints : 


Using py=W (1+4)RT, find out P. Knowing P, calculate Ky. 


Then try to find out new value of 4, adding number of moles of 
dry ammonia (2gms). Ans. 86°2% ] 

6. When 1 mole of ethyl alcohol reacts with 1 mole of acetic 
acid, 2 mole of ethyl acetate is formed. Determine the amount 
of ester present at equilibrium when (a) 3 moles of alcohol 
react with 1 mole of acid (b) one mole of alcohol reacts with 
l mole of acid in presence of 1 mole of water. Ans. 0'903 ; 
0'542. Cuttack 1962. 

7, Given that the degree of dissociation of PCl, at 523°A 
under atmospheric pressure is 0°978, calculate the values of Ky 
and Ke. Allahabad. U. 1967 Ans. 22'232 atm ; 0:517 lit~7. 

8, Calculate the dissociation constant of the reaction 
2C0g=22CO +03 if the degree of dissociation of CO, at 1 atm 
is 40%. Kurukshetra. U. 1971. Ans. 0'074. 
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9. The equilibrium reaction between CO and steam is, 
CO+H,0=CO.+Hp. The equilibrium constant for this reaction 
is 438 at a certain temperature. If 100 moles of each of CO and 
steam are heated, find the composition of the mixture at equili- 
brium. Ans, CO,=67°67 moles ; Ha =67'67 moles ; CO=32'33 
moles ; HgO=32'33 moles. 

10. The equilibrium constant for the reaction, 2SOa(¢) + Os 
(g)=2SOg(g), in terms of pressure is 3‘lat 1860°C. What is its 
equilibrium constant in terms of concentration at the same 
temperature ? Ans, K,=542'2. 

11. The degree of dissociation of PCI, is 0°633 under a 
pressure of 3 atms. What must be the pressure if the dissociation 
is to be 80%? Ans. 171282 atms. 

12. At 800°C a vessel of 2 litres contains 0'433 mole of NHs» 
0'932 mole of N, and 0'993 mole of H, at equilibrium. Calculate 
the equilibrium constant in terms of concentration for the 
reaction, 2NHs=N.+3H». Ans. 12168. 


13. A reaction of hydrogen and iodine is carried out by 
heating 60cc of hydrogen with 42cc of iodine in a closed vessel. 
At the equilibrium it is noted that the vessel contains 28cc of 
hydroiodic acid. Calculate the degree of dissociation of hydroio- 
dic acid. Ans. 0'8815. 


14, The equilibrium constant of the dissociation reaction, 
PCI,=PCl3+Cle, is 2x 10-2 at 250°C. Calculate the amount of 
chlorine present in a vessel of capacity 2 litres which contained 
10 gms of PCI, initially. Ans. 0°0033 gm mole/lit. 

15. Inthe dissociation of HI, it is found that 20% of the 
acid is dissociated when equilibrium is reached. Calculate ithe 
equilibrium constant in-terms of pressure. Ans. 1'5625X 1077. 

16. At 2155°C and latm, steam is 1'18% decomposed into 
Hə and Og. Calculate Kp at this temperature. Calcutta. U. 1971. 
B.Sc. Ans. 81077, 


17. A gm mole of a gas PQ. which is dissociated to an extent 
of 10%. at 127°C according to PQ=P+Q occupies a volume 
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4x14*cc. Calculate the total pressure at this temperature 
assuming the gases to be perfect. Ans, 0'235 atm. 

18, O'l mole of Hə and 0'2 mole of CO% are introduced ina 
vacuum flask at 450°C. The reaction, H,+CO,=H,0+C0, 
occurs and at equilibrium the pressure is O'S atm. Analysis of 
the mixture shows that it contains 10 mole per cent of steam. 
Find the equilibrium constant at 450°C. Ans. 0'012016. 

19, At70°C and under atmospheric pressure NO4 is 66% 
dissociated into NOg. What volume will 10 gms of NgO4 occupy 
under these conditions? Ranchi. U. 1972. Ans. 5'075 lit. 

20. Discuss qualitatively the effect of temperature and 
pressure on the following chemical equilibria : 

G) Ng+O,=2NO-43K cals; (ii) Na +3Ha=2NH3 +22 K 
cals. 

Magadh. U. 1971, 73, °76; Calcutta. U. B. Sc. 1971 5 
Venkateswara. U. 1971 ; Hyderabad 1974, Wits 

[ Hint: Heat of absorption=43 K cals ; heat of evolution= 
—22 K cals ] 

21, Formulate the equilibrium constant Kp for the following 
dissociation equilibria, arrived at by starting from the pure 
reacion only, in terms of the total pressure P and the degree of 
dissociation « at equilibrium : 

COCla(g)=CO(g) +Cla(g) ; 2HaS=2Ha(s)+ So/g). 

Calcutta. U. B.Sc. 1972 

22. Discuss the effects of pressure and temperature on the 
following chemical equilibria: (i) 2802+ 022803 +45'2 
K cals, (ii) Ho+1.=2HI- 120 K cals. Calcutta. U. B.Sc. 1973 5 
Hyderabad 1974. 

23, For the gaseous reaction 2802+02=280s, state 
whether the equilibrium will be disturbed and if so, in which 
direction, when: (i) the volume of the reaction vessel is 
increased at constant temperature ; (ii) SOs is some how 
removed from the vessel at constant volume and temperature 
and (iii) the reaction vessel is suddenly cooled. Briefly indicate 


reasons for your answers. 
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24. At 3000°A and latm. pressure CO, is 46% dissociated 
into CO and Og. Calculate K, at this temperature. 
Calcutta. U. 1974. B.Sc. Ans. 2°722 1077. 


25. Calculate Kp for the reaction: 4No(g)+% Hels)= 
NHo/g) ; if at 350°C and 50 atm. pressure 25°11 mole per cent 
ot NH; be formed from a starting mixture of Nə and Hy in 
the ratio 1:3, Calcutta. U. B.Sc. 1975. Ans. 2'76x 10-7. ~ 


26. 0°60 mole of ethyl acetate is produced at equilibrium, 
starting from 1 mole of each of pure ethyl alcohol and acetic 
acid. Calculate K, and the amount of ester produced at 
equilibrium, starting from 0'1 mole acid, 0'2 mole alcohol and 0'1 
mole water. Calcutta. U. B.Sc. 1976. Ans. 2°25; 0°12 mole. 


27, At a total pressure of 1 atm and at 184°C, NOs is 5% 
decomposed according to the equation : f 
2NOa(°2NO(,)+O2(,y Calculate K for this equilibrium, 


Calcutta. U. B.Sc. 1977. Ans. 6757x1075. 


28. At 500°C and 10 atm. pressure, a mixture of 1 part Na 
and 3 parts Hg, yields at equilibrium 1°20 mole percent NHsg. 
Calculate K, for the reaction, Ng+3H,»=2NHs3. Calcutta. U. 
B. Sc. 1978. Ans. 1.433 x 1075. 

29. In the reaction, Hag) tla (gta) 


and 0'20 mole of Ig react so that only 20% of Ha is transformed 
into HI. Calculate the weight of HI formed. I. I T. (Gp. B) 
1975, Ans. 5°12 gms. 

30. Ammonia under a pressure of 15 atm at 27°C is heated 
to 347°C in a closed vessel in the presence of a catalyst. Under 
these conditions NH, is partially dissociated according to the 
equation: 2NH,=N2+3He. The vessel is such that the volume 
remains effectively constant where as the pressure increases to 
50 atm. Calculate the percentage of NH, actually decomposed. 
I.1.T (gp. A) 1970. Ans. 61°3%, 

31. Berthollet found that when 1 mole of acetic acid was 
heated with 0°33 and 0°50 mole respectively of ethyl alcohol, the 
ester produced, in the two cases were 0'293 and 0°414 mole 


0'10 mole of Ha 
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tespectively. Show that these results are in accord with the 


law of mass action. Ranchi. U.1965A. Ans. Show value of K, 
same in two Cases. 


32. When acetic acid and ethyl alcohol are mixed together 
in equivalent proportions, equilibrium is reached when two thirds 
of acid and alcohol are used up. How much ester will be 
present in the equilibrium mixture, if the reaction is started 
with 60 gms of acetic acid and 23 gms of ethyl alcohol? Patna. 
U. 1963 A, 64; Ranchi. U. 1964 A; ’65A,’69A ; Magadh. U. 
1966 A, ’70A, ’73S, ’75S. 

33. At 60°C the vapour density of nitrogen peroxide is 30°65 
and at 1C0‘C it is 25°7. Calculate the degree of dissociation of 
the gas at these temperatures and explain whether the dissocia- 
tion is exothermic or endothermic. Patna. U. 1962 A; Magadh. 
U. 1967 A. Ans. 0'508 ; 0'79. 

34, The equilibrium constant of reaction between ethyl 
alcohol and acetic acid is 4. Calculate the yield of ethyl acetate 
when 2'3 gms of ethyl alcohol react with 6 gms of acetic acid. 
Magadh. U. 1969A. Ans. 2°04 gms. 

35, In the reaction 2S0,+0,=2S8O03, the equilibrium 
mixture at 700°C contains 40% of SOs by weight. Calculate the 
equilibrium constant. Patna. U. 1967A. Ans. 1'92. 

36. 25cc of hydrogen and 18cc of iodine were allowed to 
react at 465°C and at equilibrium 30'8cc of hydrogen iodide was 
formed. Calculate the equilibrium constant of the reaction. 
Magadh. U. 1966A, 1975A. Ans. 38°01. 

37. What is the composition of the mixture at the equilibrium 
when I gm mole of acetic acid is mixed with 8 gm mole alcohol 
and the mixture undergoes reaction according to the reversible 
reaction CH,COOH+C,H,OH=CH;COOC3H, +H,O ? Equili- 
brium constant is given, 4°41, Ranchi. U. 1964A. Ans. 0°97 gm 
mole ethyl acetate ; 0'03 gm mole acetic acid; ethy! alcohol 
7:03 gm mole. 7 

38. 18 gms of ethyl acetate are produced when 90 gms of 
acetic acid are heated with 69 gms of ethyl alcohol. Find out 


the amount of yield of ethyl acetate when 180 gm acetic acid 
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are heated with 46 gms of alcohol. Magadh. U. 1964A, 1975S ; 
Ranchi. U. 1977. Ans. 79°464 gms[ Temp is kept const ] 

39. A mixture of hydrogen and iodine vapour in the mole= 
cular proportion of 2:1 was heated at 445°C till the change 
represented by the eqn. H,+I,=2HI attained eqm. The eqm. 
const at this temp. is 0'02. Calculate the percentage of iodine 
converted into hydrogen iodide. Patna. U. 1966A ; Magadh. U. 
1975A. Ans, 11°7, 

40. In the beginning of the reaction A+B@C+D at 25°C 
the number of gm moles of A and B were equal. At equilibrium 
it was found that the number of gm moles of D were twice the 
number of gm moles of A. Calculate the value of the eam. 
const at 25°C. Ranchi. U. 1969A. Ans. 4. 


41. 25cc of He and 18cc I, vapour were heated in a sealed 
tube at 465°C when at the eqm. 308cc of HI was formed. 
Calculate the degree of dissociation of HI at 465°C. Rajasthan 
T. D. II 1962 ; Agra 1973; Meerut 1970. Ans. 24°5%. 


42. The equilibrium mixture at Horg) Hap Hkg) exists 


at a definite temperature and pressure. The reaction is 
exothermic. Explain how the amount of the product will be 
affected by a change of temperature and pressure on the system. 
State the principle by which it can be explained. W.B.H.S.C. 
1979, 


43. An equilibrium mixture at 430°C was found to contain 
0°60 mole of nitrogen, 0'4 mole of hydrogen and 0°14 mole of 
ammonia in a litre. Calculate the equilibrium constant for the 
reaction, Na +3H,=2NH3. Calcutta. U. B.Sc. (A). 1979. Ans. 
0°515 mole~?. lit?, 

44. Ina reaction of the type A g+Bp,=2(AB), there were 
Produced at equilibrium at 45°C, 37 moles of (AB) from 2°06 
moles of Ag and 3:19 moles of Bg. Calculate the equilibrium 
constant. Calcutta. U. B.Sc. 1979. Ans. 0°486 x 1072. 


45. 10 gm molecules of HI were produced by the interaction 
of 15 gm. molecules of Hy and 5'2 gm molecules of Ig vapour at 
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444°C. Calculate the equilibrium constant of the reactior: 
Ha+Ia=2HI. Uttar Pradesh I.Sc. 1978. Ans. 50. 

46. The concentration of Hə, Ip and HI at equilibrium im 
the reaction Ho+Ip=2HI are 8,3 and 28 moles per litre 
respectively. Calculate the equilibrium constant. Uttar Pradesh. 
I.Sc. 1977. Ans. 32°67. 

47. A gaseous mixture contains 1 gm per litre hydrogen and. 
2'8 gmi/litre nitrogen. Find out the molar concentration of 
hydrogen and nitrogen in the mixture. Molecular weight of 
hydrogen is 2 and that of nitrogen is 28. Uttar Pradesh 1977S. 
Ans. 0'5 gm mole/litre ; 0'1 gm mole/litre. 

48. In the reaction PCI,=PClg+Cle—y cal. what changes- 
in temperature and pressure would you introduce to decrease the 
the dissociation of PCls? Uttar Pradesh 1978S. I.Sc. 


CHAPTER 4 


entage composition of the organic and 


Problems on perc 
and molecular 


inorganic compounds and their empirical 
formulae. 

Percentage composition gives the proportion by volume or 
weight of each constituent present in 100 parts by volume or 
weight of the organic or inorganic compound. 

Empirical formula expresses the simplest relative ratio of the 
atoms of each element present in one molecule of the compound. 
The empirical formula of a compound (organic or inorganic) is 
derived from its percentage composition in the following steps = 
(a) The percentage of each element present in the compound 
is divided by its atomic weight. The quotients thus calculated 
express the relative number of atoms of the elements. (b) Each 
is then divided by the smallest quotient to get the 
en the atoms of the elements. (c) If the 
above is fractional, it is multiplied. 
ossible integer to obtain the simplest. 


quotient 
simplest ratio betwe 
simplest ratio obtained 
througout by the smallest p 
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whole number ratio. This step is essential since atoms can be 
Present only in whole numbers according to Dalton’s atomic 
theory, 

Molecular formula represents the actual number of atoms of 
each element present in a molecule of the compound (organic oF 
énorganic), 

Molecular formula=n x Empirical formula. 

Where, n=a simple whole number. 


or, Molecular formula _ Molecular weight Me 
Empirical formula Empirical formula weight 
or Molecular formula __ 2X Vapour density _ Zy 
Empirical formula Empirical formula weight 
: 2X Vapour density of a compound 


Empirical formula weight of the compound 


Solved problems 


1. Calculate the percentage of water of crystallisation 1n 
MgSO,.7H,O. Bihar H.S. 1965. f i 

246 gm MgSO,.7H.O contain 126 gm water of crystallisation 

100 gm MgSO4.7H.O contain 328 x 100=51'219 gm water a 

crystallisation. *." Mol. Wt. of MgSO4.7H,O=246 ; mol. wt. 
of water=18, 

2. Percentage of water of crystallisation in BaClsXHa0 
was found to be 14'75%, Find the number of molecules of water, 
X inthe compound. Senior Cambridge, 1964. 


(208+18X)gm BaCl,XHO contain 18X gm water of 


crystallisation. 
: 18X 
siete á Migs DORK 7. e7 
18x . he 
208+ 18K 1 X=1998=2. 
208 + 18K 14°75 by the question, 


3. The formula of blue vitriol is CuSO,nH2O. On heating 
one gram of this, a residue of constant weight, equal to 0°638 gm 
is obtained. Find the value of n. (Cu=63°5, S=32, O= 16) West 
Bengal H.S. 1974. ; 
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(159°5+18n) gm CuSO,nH20 leave 159°5 gm residue. 


i 595 

i tee? y m leaves seem y 
159:5 

1595 +18n 

4, Find the percentage composition of nitric acid molecule. 


63 gm HNO; contain 1 gm hydrogen. 


=0°638 by the question. .°. n=5027555. 


Be LOO: T y k xw, » . Percentage of H=1°587. 


63 gm HNO, contain 14 gm nitrogen. 
. »i a] » 14x100 » 
< 100 TT 
Percentage of N =22'222. 
63 gm HNO; contain 48 gm oxygen. 
; 48x100 
., 100gm , 9 630 gm » ; 
Percentage of 0=76°190. 
5, An organic compound was found to contain carbon 77°42%, 
hydrogen 7'53% and nitrogen 15°05%. Its vapour density was 
found to be 46'5. Calculate its empirical and molecular formulae. 
All India H. S. 1970. 


Calculation of empirical formula 


—— a Number obrained 

Name of the | Percen- in the previous | Simplest re- 
element present | tage Percentage/At.wt column lative ratio 
in the compound Smallest number of atoms 


nag 1742 _ 6-45 645 
C (carbon) 77°42 12 1075 6 
At.wt. of 0=12 
ee A - 
758763 7358 
H (hydrogen) 753 1 1'075 q 
At. wt. of H=1 
——E = 
15°05 1'075 
= =1076 pe | 
N (nitrogen) 15°05 14 1 T075 1 


At. wt. of N=14 


Empirical formula of the organic compound is therefore 


C,H,N. 


78 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Calculation of molecular formula 
Now, molecular formula=n(empirical formula). 
Where, n=a simple positive whole number. 


ASA en Molecular weight — 2X Vapour density 
4 Empirical formula weight Empirical formula weight 
2x 46° 4 F 
or, pe TL <. Molecular formula of the organic 


compound is C,H,N. 

6. 0'275 gm of an organic compound on combustion gave 
0°6540 gm of CO; and 0:3375 gm of HO ; its. vapour density as 
teferred to hydrogen as unity was 37. Find out its molecular 
formula. Delhi. H. S. 1971 3 Magadh. U. 19744A. 

Percentage Composition 

44 gm CO, contain 12 gm carbon 

-. 06540, , » #£2%X0°6540, 

18 gm H3O contain 2 gm hydrogen 

ORONI #3 x 0°3375 ,, 

0'275 gm of the organic compound contains 33 x 0°6540 = 
0'178 gm carbon and 4%X0'3375=0'0375 gm hydrogen. 


', Percentage of carbon = 2278 100 _ 64727 ; Percentage of 


” ” 


0°275 
hydrogen = 0375100. 13°636 and percentage of oxygen=100 


—(64°727+13 636) =21'637. 

It is assumed that the organic compound contains C, H and O 
as Constituent elements, 

Calculation of empirical formula 


Number obtained { Simplest 
Name of the in the column | relative 


element present | Percen- Percentage/At. wt just before f Tao ae of 
in the organic tage Smallest number at 
compound obtained 
C (carbon) 64'727 64°727 _ 3 5'393 _ 4 
PRES SEH T352 t 
H (hydrogen) 13 686 13'636 _ 7 13°636 _ 
(hydrog 12636 18'686 3610 ie 
O (Oxygen 21'637 R637 1352 _ 
) L63 1-352 3331 “i 


Empirical formula of the organic compound ‘is C,H 4,0. 
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Calculation of Molecular formula 
___ 2X vapour densit: 20237: 

Now na Empirical formula aan 74 =. 

Where, n=a simple positive whole number. .*. molecular 
formula of the organic compound is C4H,,O. Structural formula 
is CaH5OCH; (diethyl ether). 

7. Carbohydrates are compounds containing only carbon, 
hydrogen and oxygen having the atomic ratio of H:Oas2:1, 
When heated in absence of air, these compounds decompose to 
form carbon and water. (a) If 310 gms of a carbohydrate leaye 
a residue of 124 gms of carbon on heating in absence of air, what 
is the empirical formula of the hydrocarbon? (b) If 0°0833 mole 
of the carbohydrate contains 1 gm mole hydrogen, what is the 
molecular formula of the carbohydrate? J. I. T. 1969, 

(a) percentage composition 


310 gm carbohydrates contain 124 gm carbon, 
124x 100_ 49 » 


MDs awn » Eig 
Percentage of C=40, 
310 gm carbohydrates produce (310 —124)=186 gm water. 
18 gmH,0O contain 2 gm hydrogen. 
» 2.186 =20'66 gm hydrogen. 


eel Soigma is 

Or, 310 gm carbohydrates contain 20°66 gm hydrogen. 
à » "66 $ 

: o0 L “319 100567 ». 


Percentage of H=67. 
Or, percentage of O=100-(40+6'7)=53°3, 


Caleulation of empirical formula 


CC SS coo ee 
Number obtained Simplest 
n the previous Telative 
Percentage/At.wt column/ ratio of 


Name of the 


element present | Percen- 
inthe compound | tage Smallest number atoms 
‘ obtd. 
5 bon 40 40 _ 9.33 3°83 _ 
C (car ) 12 3°33 g 1 
H (hydrogen) 6'70 67 _ 6:70 eT 
ies ih ene 333-7 2 
5330 5330. 333 
en, 53°30 _ 333 
O (oxygen) = 8:98 E : 


Tei Empirical formula of the carbohydrate is therefore CH,O. 
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(b) According to the question, 0°0833 mole carbohydrate 
contains 1 gm mole hydrogen. 
Or, 00833 mole carbohydrate contains 2 gms of hydrogen. 


Or, tL, 4 =24 gms. „ 


PEE 

= -0:0833 

.', one mole carbohydrate contains 24 atoms of hydrogen. 

Where, 1 gm mole hydrogen=2 gm hydrogen; at wt. of H 
=1. Asthe empirical formula gives the simplest relative ratio 
of atoms of C, H and Oas1:2:1, molecular formula of the 
carbohydrate is C12H24012. 

8.. A substance has the following percentage composition :— 

N=35% ; H=5%; 0=60%. On being heated it yielded a gas 
containing 637% N and 36°3% O. Calculate the formula of each 
substance and construct the equation representing the chemical: 
change. Ranchi. U. P. U. 1970. 


Empirical formula calculation 
Number obtained 


Name of the ` in the previous | Simplest 
element present | Percen- Percentage/ column/ relative 
inthe substance | tage Atomic Weight | Smallest number | ratio of 
obtd. atoms 
N (nitrogen) 85) 4425 | 25 aaea | 2 
jhe. | 3 a 
H (hydrogen) 5 {=5 E 
25 
O (oxygen) 60 11=8'75 3°75 45x 2=3 | S 
25 


Empirical formula of the substance is N2H4O3. Probable: 
molecular formula of the substance is NHaNOs. 


Empirical formula calculation of the evolved gas 


Name of the Number obtained Simplest 
element present in the just before | relative 
in the gas | Percen- Percentage/ this column{ ratio of 
molecule tage At. Wt Smallest number | atoms 
obtd, 
N (nitrogen) 63°7 637 _,. 4°550_ 2 
Tan oe 2968 
O (oxygen) 363 36°38 _5. 2'268 _ 1 
16 eee 2'268 2 5 
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Empirical formula of the evolved gas is N20. Probable 
molecular formula of the evolved gas is N30. Probahle chemical 
equation representing the chemical change is given below. 


A 

NH,NO;—+N20+2H20. A isthe symbol for heating. 

9, A hydrate on being rendered anhydrous loses 45°6% of 
its weight. The anhydrous substance on analysis shows the 
following percentagecomposition : Al=10°5%, K=151%, S=24'8% 
and O=49°6%. Whit will be the empirical tormula of the hydrate 
and the anhydrous substance ? West Bengal H. S. 1275. 


Number ubcained 


Name ot the x $ 
slément present in the previous | Simplest 
in the hydrated Percen- |_ Percentage ___¢ lumn relative 
substance an tage Ac. wt or mol, Smallest number | ratio of 
name 0 the wt. ob'd. atoms or 
and. p moles 
Al (aluminium) 105 | 105 0'388 | a8 =1x2=2 | 3 
element ay Cee 
K (potassium) 151 | 151 0'387 | maT lx2=2 | 2 
S (culphur) 2478 | 248 0'775 | 075 9x 2=4 | t 
e oe E 
O (oxygen) | 496 496 3-100 | 3100 _gx9=16| + 
element wa Lae 216) Or l 
H,O (water) 456 4569593 | 283o | } 
compound 18 0-387 =13 


The empirical formula of the hydrate is Al2K254016; 13H30. 
The empirical formula of the anhydrous substance is Al Kg 
SOs. Probable molecular formula of the hydrate is Alo(SOa)35 
K2SO,, 13H30. 

10. A compound contains 37°8% carbon, 6'3% hydrogen and 
55:9% of chlorine. 2°62 gms of this compound on vaporisation 
gives 624 ml of vapour at 100°C and 775 mm pressure. Determine 
the empirical formula and molecular formula. (Cl =35°5) 
West Bengal. H. S. Comp. 1975. Calculation of empirical formula, 


Number obcained > mplest X 
Name of the in the previous | relative 
element present Percen- Percentage] column/ ratio of 
in the compound | tage At. Wt. Smallest number atoms 
obtd. 
© (carbon) 37°8 8793: = | 2 
( ay 7815 rage 
H (hydrogen) | 63 6: 630_ | 4 
(hydroe Tas 1577" A 
Gl (chlorine 55°9 559215 | TST 1 
I (chlorine) | a5 7! 157 


6 
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‘Empirical formula of the compound is C.H,Cl. 


W z 775. 624 

, Py=~* f UI ae 

We have, PV M RT (Vide. Chapter 1). 760 * 1000 
=e X0'0821 x373. 2. M=126'089. Molecular formula 


=n (empirical formula). 
Where, n=a simple positive whole number. 
molecular weight 126°089 
empirical formula weight 63'500 
<. molecular formula of the compound is C,H,Clg. 


=1985=2. 


Now, n= 


11. A compound of carbon, hydrogen and nitrogen contains 
these elements in the ratio 9:1:3°5, Calculate its empirical 
formula. If its molecular weight is 108, what is its molecular 
formula? I. I. T. (Group A) 1973. 


N (nitrogen) 35 


Name ot the Number obtd. in | Simplest 
element present | Weight the column relative 
in the compound | ratio Weight ratio/ before this tatio of 
with proper Atomic weight | Smallest Pes atoms 
symbol ; obt 
C (carbon) | 9 | EF 0755 | 3 
- 3-075 | t-s 
H (hydrogen) | l | | A i 4 
i = 025 | 


The empirical formula of the compound is CsH4N. 
Molecular formula=n (empirical formula). Where, n=a 
simple positive whole number. 


molecular weight _108 a 
empirical formula weight 54 

.. molecular formula of the compound is CgHgNe. 

12. Two oxides of a metal contain 27°6% oxygen and 30% 
oxygen respectively. If the formula of the first oxide be M3014, 
find that of the second. 

Let the atomic weight of M de X. 

We have, 3M+202=M3QOg. 


Again, n= 
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3X gm M on reacting with oxygen to form (3X+64) gm M3Qj. 


Or, 1 » 3 » ”? 


Or, 72°45 » 


(3X +64)72"4 _ 
BETI 100 


3X +64 
3X 
(3X +64)72°4_ 
3X 


” v3. 2 ” nH 


» ” 299 ” 


++ in the first oxide,% of M=100— 276 =72'4. 


ankin KS b5OT: 


Empirical formula calculation of the second oxide $ 


Name ot the Number obtained | Simplest 

element present | Percen- Percentage/ in the previous] relative 

in 2nd oxide. tage At. We. column/ smallest | ratio of 

number obtd. atoms 

aa 

M (metal 70 70 “ 41525 5 = a 
(metal) 55977125 pos 1x2=2 

O (oxygen) 30 30 F; | T ieee 3 
(oxyse e721 875 Tap 715X2=3 


Empirical formul 

13. A compound con 
drogen gave on analysis 
$=9°97% ; H=6'25% 5 oO 
assumption that all the hy 
combination with oxygen 
weight of the compound 
1970 ; Patna U. 1968. 


hy 


a of the second oxide is M203. 


taining sodium, sulphur, oxygen and 
the following results: Na=14'31% ; 
=69'47%. Calculate the formula on the 
drogen in the compound is present in 
as water of crystallisation. Molecular 
is 322. M.U. 1969S; Nagpur Pre. U. 


—— | Number obcained| Simplest 


Name ot the 


element present | Percen- Percentage in the previous | relative 
in the inorganic tage At. Wt. column{ smallest tatio of 
compound wit number obtd, atoms 
proper symbol _}______)___ 
Na (sodium) 1431 LER =0622 0629 _ 2 
23 07311 
S (sulphur) II | 2% os 03111 I 
32 ÕSI > 
H (hydrogen) 6'25 6°25 _ 6.95 6'25 99 20 
1 0311 
O (oxygen) 69°47 69°47 _ 4.547 TAi a4 14 
16 0'311 


Empir 


[ 


For less than 0'5 value, ta 


For more tban 0'5 value, 


ical formula of the inorganic compound is NagSHeoQy4- 


take next full number e. g ; LESA2, 
ke full number containing this value 


i 
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eg ; 2'422, For 0'5 value, make it full number by multiplying 
least full number e, g;15x2=3] 

Now, molecular formula=n (empirical formula). Where, 
n=a simple positive whole number. Again, 

PE molecular wti rS 322 EAA 

empirical formula wt ~ ° 46+32-+20+16% TAM {07 m= 

Molecular formula of the inorganic compound is Na SH 90 xy. 

molecular formula of the inorganic compound (assuming 
all the hydrogen in the compound, present in combination with 
Oxygen as water of crystallisation) is Na2SO,, 10H,O. 

Prebleme for practice 4 

1. Calculate the percentage of oxygen in heavy water. Ans. 
80. D=2, 

2. Calculate the percentage of crystallisation in sodium 
thiosulphate crystals (NagS.03.5H,O). Senior Cambridge. 1967. 
Ans, 32°29, 

3. A hydrated sulphate of a divalent metal (at.wt. 24) contains 
51'22% water of crystallisation. Calculate the number of 


. molecules of water of crystallisation in the hydrated salt. Bombay. 


U. 1968. Ans. 7. 

4. Blue vitriol is represented by the formula CuSO,.nH20. 
One gram of the sample on being heated was reduced to a 
Constant weight equal to 0'64 gm. Find the value of n. (At. Wt: 
Cu=63'5 ; S=32) W.B.E. Adn. Test. E. 1974. Ans, 4°984. 

5. 15 gms of hydrated calcium chloride when _ heated left 
behind 0°76 gm of the anhydrous salt. Calculate the percentage 
of water present and also the number of molecules of water of 
crystallisation per one molecule of the anhydrous salt. Ans. 
49°34% ; 6. 

6. A metal X having an atomic weight of 197 yields a chloride 
containing 35°1% of chlorine. Calculate the simplest formula 
of the chloride. Senior Cambridge. 1967. Ans. XClj. 

7. An organic compound has the following percentage 
composition C—€0%, H—6°43%, N—10'09% rest—oxygen. Find 
its empirical formula. I. B. E. Adn. T. E. 1970. Ans. CHa NO2. 

8. A certain compound containing only carbon and oxygen 
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analysis it_is 
What is the 
roup A) 1970. 


thas an approximate molecular weight of 290. On 
found to contain 50% by weight of each element. 
molecular formula of the compound? I. I.T. (G 
Ans. C1209. 

9, A gaseous compound of carbo 
53'8% by weight of nitrogen was foun 
258. What is the molecular formula o. 
(Group A) 1971. Ans. CoNe. 

10. An organic compound was found to contain carbon 145%, 
hydrogen 1'8%, chlorine 6446% and oxygen 1924%. Its molecular 
weight was found to be ` 165'5. Calculate its empirical and 
molecular formula. All India H. S. 1971. Ans. CoHaClsOs. - 

11, An organic compound has the following percentage 
composition ; C= 40% ; H=6°67% ; Oxygen by difference. Its 
‘vapour density is 15. Find the empirical and molecular formula 
cof the compound. Delhi. H. S. 1972. Ans. CH,O. 

12. An organic compound contains 10°04% carbon, 8912% 
chlorine and rest hydrogen. Find out the empirical formula of 
the compound? W. B. H. S. Tech. 1974. Ans. CHCl. 

13. A compound of carbon, hydrogen and oxygen contains 
40%C, 6.6%H and the rest is oxygen. Its vapour density is 30. 
Find the molecular formula of the compound and write down the 
possible structural formula also, W. B. E. Adn. T. E. 19755 
Hyderabad I. Sc. 1977. Indian S. C. E. 1978. Ans. CaHe0s, 
CH,;COOH (acetic acid). 

14, Anorganic compound containing C, H and O was 
subjected to combustion. From 1'367 gm of the substance were 
obtained 3'002 gm of CQ% and 1'640 gm of HO. Find out the 
„empirical formula. Z. I. T. (Group A). 1975. Ans. C3H0. 

15. Carbon combines with hydrogen to form three compounds 
A, Band C. The percentages of hydrogen in A, B and C are 
25%, 14°3% and 7'7% respectively. Find the empirical formula of 
the compounds. LL. (Group B). 1973. Ans. Ces CH, and CH. 

16, An organic compound, on analysis gives the following 
carbon=54'56 per cent, hydrogen=9'06 per cent, oxygen 


n and nitrogen containing 
dto have vapour density of 
f the compound? J.J. T. 


result, 
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“=36°38 percent. Its vapoursdensity is 44, Calculate its mole- 
cular formula. W.B.E. Adn. T:E. 1973, 78, Ans, C,4H,Og. 
` 17: A compound (X) having the composition, Ca=40% ; 
C=12% ; O=48%, leaves on heating a residue (Y). (Y) has the 
following Percentage composition : Ca=71'43% ; O=28'57%, 
Calculate the formula of (X) and (Y) and give the equation of the 
change by which (X) is transformed into (Y). Ans. X=CaCO,, 
Y=CaO; Eqn: CaCO;>Ca0+0,. 
18. A gaseous hydrocarbon contains 8562% carbon, 14.38% 
hydrogen, The density of the gas 1'26 gm per litre. Determine 


the molecular formula of the hydrocarbon. West, Bengal. H, S, 
Comp. 1974. Ans. C2H4: 


19. A compound contains 1005% carbon, 0'84% hydrogen 
and 89'1% chlorine. Its density in the gaseous state at 150°C and 
760 mm pressure is 3°43 gm/litre. What are its empirical] formula 
and molecular formula? West. Bengal. H, S. 1976, Ans. CHCl. 

[Hints. Find out mol. wt. using py=W RT equation | 

20. Calculate the formulae of the following compounds whose 
Percentage composition by weight is given : 

(a) K=56'28% ; C=8'69% ; O=34'73% 

(b) C=54'67% ; H=9'11% 3 O=36:22% 

Hyderabad I. Sc. 1973. Ans. K2CO, ; C3H,0. 

21. The Percentage composition of a compound is K=24°65% 3 
Mn=34'85% and O=405%. Find its empirical formula, If its 
molecular weight is 158, find its molecular formula. Hyderabad 
I. Sc. 1975. Ans, KMnO.. ` 

22. A compound of carbon, hydrogen and oxygen contains 
40%C, 6'66%H and the rest is Oxygen. Its vapour density js 45. 
Find the molecular formula of the compound, L. N. M. U, 1976 
A, Ans. C3H60O3. 

23. A metal forms two oxides AandB. A contains 30% and 
B contains 22'2% oxygen. If the formula of A is Ma20;, find that 
of B. Patna. U. 1975 A. Ans.*MO, 

24. 0°15 gm of a liquid A when vaporised occupies 62°4 ml at 
27°C and 750 mm Pressure, A contains 40%C, 6°67%H and the 
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rest is oxygen. From these data determine the molecular formula 
of A. Patna. U. 1963 ; Magadh. U. 1963. Ans. C2H402. 

25. A crystallised salt is mixed with sand and gives on 
analysis the following results 5 Cu=22'905%; S=1152%, O= 
23°085% ; H,0O=32463% and the rest sand. Deduce the 
percentage composition of the crystallised salt and write down its 
molecular formula. Patna. U. 1974. Ans. CuSO4, 5H20. 

26. An organic compound contains 54°54%C, 9'1%H and 36°36 
%O. Find the empirical formula of the compound. 0'11 gm of 
the same compound on vaporisation displaced 20 ml of air at 
S.T. P. Find the molecular formula. Indian School certificate 
Examination, 1978. Ans. CgH4O ; C.Hy203. 

27. A substance contains 37°8%C, 63%H and 55'9% of Cl. 
When vaporised, 0'127 gm occupy a volume of 22°4ml at N. T. P. 
What is the molecular formula of the compound? W. B. J. E. E. 
1977, Ans. C4HsClas 

28. A compound contains 37'8% carbon, 6°3% hydrogen and 
55'9% of chlorine. 0'638 gm of the compound when vaporised 
occupies a volume of 154ml at 100°C and normal pressure. What 
is the molecular formula of the compound? What is its exact 
molecular weight?» Cl=355 W. B. H. S. C. 1979. Ans. 
C4H,Cle; 126°86. 

29, An organic compound was found to contain 62'07%C and 
10'34%H and had a vapour density of 29. Calculate its molecular 


- formula. W. B. J. E. E. (Tc) 1979 Ans. CsH,O. 


30. An organic compound contains 62% carbon, 10°4% 
hydrogen and the rest oxygen. Find the empirical formula of 
the compound. If the vapour density of the compound is 29, 
what is its molecular formula? I. S. C. E. 1979. Ans. CHO. 

31. An organic compound ‘A’ contains 40°68%C, 8°47%H, 
23°73%N. Its molecular weight is 59, What is its molecular 
formula? Revisankar. U. 1977. Ans. C,H,NO. 

32. A volatile orge. compd. has the following composition $ 
C—10°00% ; H=0°85% and C1l=89'15%. 0°64 gm. of the compd, 
produces 124 cc. of its vapour at N.T.P. Find out the molecular 
formula of the compd. Ranchi. U. 1979. Ans, CHCls. 


CHAPTER 6 
Problems on equivalent weights and atomie weights : 
Equivalent weight of a substance (element) is the parts by 
weight of the substance which can eith 
1'008 part by weight of hydrogen or 8 
or 35'5 parts by weight of chlorine. 
Equivalent weight of a compound : 


er combine with or displace 
parts by weight of oxygen 


Example: Calculation of equivalent weight of NaCO; (an 
hydrous). We know NagCOg +H2SO,= 4 NaaSOa + 4 H30+ 
TCO: 106 gm 98 gm 

98 gms of H2501 =106 gms of NagCOs. 

Or, 49 gms of H2S0,=53 gms of NagCO,, 

Hence, the equivalent weight of NaCO; =53, 


weight of H,SO#= 49, 


Equivalent weight of an acid : 


P ; -4 — Molecular weight of the acid 
1 f acid= aba: = ee 
Equivalent weight of an ga Number of teplaceable hydro- 
gen atoms Present 
molecule 
= Molecular weight 
Basicity 


* equivalent 


per 


Example : equivalent weight of sulphuric acid= SSP EA ag 
Equivalent weight of an alkali: 


i - œ Molecul 3 ; 
Equivalent weight of an alkal; = Molecular Aa the alkali 


5 3 3 
Example: equivalent weight of NaOH =H 4o, 
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Equivalent weight ofga salt : 
Molecular weight of the salt 


Total number of valencies of the 
Example: Calculate the equi- cations (positive charged particles) 
valent weight of KBrO§ & NagSg present in a molecule of the salt 
Os, 5H2O on the following or number of electrons changed 
reactions : [S=32'1] in the reaction. 

G) 28gQ37- +1, =S4067-+2I- 

(ii) BrO3-+6H*+6e~-=Br~+3H,O. I. I. T. 1979. 
39 1472 9+48 _ 97-83 ; 


Equivalent weight of a salt= 


Eq. wt of KBrO,;= 


eq. wt of NaaSaOs. 5H,0="4 2 = 2482, 
Example: The equivalent weight of Alg(SO,4)s3 
= 27X 24+(324+64) x3 _ 57 
a 3x2 . 
W. B. H. S. C (Vocational) 1978. 
total number of valencies of the cations=6. 

Equivalent weight of a radical: It is that weight of a radical 
with which it can exist in combination with equivalent weight of 
can element. r 

Example: In ammonium chloride (NH,CI) the radical (NH4) 
exists in combination with the element chlorine. 

In this compound 18 parts by weight of NH, exist in 
combination with 35°5 parts by weight of chlorine. 

.’, the equivalent weight of the radical (NH,)=18. 

equivalent weight of chlorine=35'5, 

N.B. Gram eqaivalent weight is the equivalent weight, 
expressed in gram. 1 gm equivalent weight of a substance either 
combines with or displaces 1'008 gm of hydrogen (11200cc at 
S.T.P.)or 8 gms of oxygen (5600cc at S.T.P.) or 35'5. gms of 
chlorine (11200 cc at S.T.P.) 

Equivalent weight can be determined by follo 


(1) Oxide method: equivalent weight 
weight of the substance X 8 


of a substance (element)= weight of oxygen 


wing methods : 
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(2) Chloride method: equivalent weight 
weight of the substance X 35'5 
weight of chlorine 
(3) Hydrogen displacement method : 
weight of the substance X 1'008 
weight of hydrogen displaced 


of a substance (element)= 


Equivalent wt. of a substance= 


(element) 
— weight of the substance x 1'008 
Volume of hydrogen at S T.P. x 0 00009 
"t lcc hydrogen at S.T.P=0°00009 gm ; 
equivalent weight of hydrogen=1'008. 
(4) Valency and atomic weight : 


atomic wt, 
valency 


5) Displ 2 hodi weight of a substance X 
ilps Diselacemenvimetho weight of another substance Y 


equivalent weight= 


—eq. wt of X 
eq. wt of Y 
Or, weight of a metal M, —ed. wt of metal My 


Weight of another metal Mg eq. wt of metal Ma” 

Atomic weight : Taking hydrogen as standard, atomic weight 
ofan elemenr = Weight of one atom of element 

weight of one atom of hydrogen’ 

It is a number (dimensionless quantity) which shows how 
Many times one atom of an element is heavier than one atom of | 
hydrogen. 1 gram atomic weight is the atomic weight, expressed 
in gram. [Carbon, Oxygen may be taken as standard] 

Atomic weight can be determined by following methods : 

(L) Cannizzaro’s method: This method based on the fact 
that atoms are indivisible. Therefore the molecule of a 
compound can not contain less than one atom ofa particular 
element. Consequently the smallest weight of an element present 
in the molecular weights of a large number of its compounds 
may represent the atomic weight of the element, If this least 
weight of the element present in the different molecular weights. 
of its compounds be determind, it may probably correspond to 
the atomic weight of the element. 
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Numerical Example : 
The following results were obtained by analysis of 4 gaseous. 
compounds of the element : 
Compound A B C D 
Vapour density> 22 13 15 39 
Percentage of element in the compd—>27'3 923 800 923 
Determine the atomic weight of the element from the data. 
Patna University ; Bhagalpur. U. 1963. 
Compd Density Mol. wt °/, ofthe wt of the element in the 


element mol. wt. 
A 22 22x2=44 273 273X 44-19 
100 
Be? 13 13x2=26 923 223 X26 12 12 
G eg 15x2=30 800 1x > =2x12 
D 39 39x2=78 9273 2 i 78-6 x12 


molecular weight =2 x vap. density. 


The smallest weight of the element in the different molecular 
weights of the compounds is 12 which is therefore the atomic. 
weight of the element. 


(2) Isomorphism method : 

Isomorphous compounds contain the same number of atoms. 
combined in a similar fashion. 

Example: For a pair of isomorphous compounds e.g ; 


ABC and ADC, atomic wt of B 
atomic wt of D 


— wt of B combining with fixed wt of A and C 
wt of D combining with fixed wt of A andC 


(3) Dulong and Petits’ law method : 
Atomic weight X specific heat~6'4 cals. 
6'4 


i ight=——— 
rough atomic weig specie Heat 
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< specific heat is expressed in calories 


[Cals 


“atomic weight = aia number (a dimensionless 


quantity). s 

Specific heat is defined as the amount of heat required to 
raise the temperature of 1 gm substance through 1°C. 

N. B. Value of atomic wt may be either integer or fraction. 
Fractional atomic weights are found because of the presence of 
isotopes in the subtance. In such cases mean of atomic weights 
is calculated from the relative abundance of the substance 
(element). 

Solved problems : 


1. Ifa solid element burns in oxygen without any change in 


volume (of gas) under the same conditions of temperature and 
pressure, and if the pure gaseous product has a density of 32, 
what is the equivalent weight of the element ? 
I. I. T. (Group A) 1968, 
Since the solid element burns in oxygen without any change 
in volume under the same conditions of temperature and pressure, 
l volume of its gaseous product formed contains 1 volume of 
oxygen. 


or, 1 molecule of its gaseous oxide contains 1 molecule of 
oxygen by Avogadro’s hypothesis. 


So, the molecular weight of the gaseous oxide= weight of the 
element+ weight of 1 molecule of oxygen. 


or, 2X32= weight of the element-+32 Rx Mol. wt=2 X vap, 
density. 


.. weight of the element =64—32=39, V Wt, of Op =16x 
2=32, 


Now, 32 parts by wei 


ght of oxygen combine with 32 parts 
by weight of the element, 


., 8 parts by weight of oxygen combine with 3x8 
by weight of element. 


The equivalent weight of the element is therefore 8. 


=8 parts 
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2. 0'1827 gm of a chloride of an element contains 0°1079 
gm of chlorine. Calculate the equivalent weight of the element. 
Orissa. Pre. U. 1968. 
0°1079 gm of chlorine combines with (0°1827 —0°1079) gm of 
an element. 

p 010748 x 35'5 
0°1079 
=24'609 gms of the element. Equivalent weight of the element is 

therefore 24°609. 

3. 0'218 gm of a metal on reaction with sulphuric acid gives 
218'2 ml of hydrogen at 17°C and 754 mm pressure. Calculate 
equivalent weight of the metal. [Aqueous tension at 17°C= 


.', 355 gms of chlorine combine wit! 


14 mm J Nagpur Pre. U. 1971 ; Bihar. H. S. 1964. Supp. 
BIN. TRENA 760x V; _754x 2182 
We have, Spei p O7 ET 


_754X218'2X 273 _ 592. a 
or, Vi = Soe Te 203'787 ml=volume 


of hydrogen liberated at S. T. P. 
'' 1 ml hydrogen at S. T. P.=0°00009 gm. 


.', 203787 ml hydrogen at S. T. P.=0°00009 x 203°787 gm 
=0'0183 gm, 
0°0183 gm hydrogen is liberated, on reacting 0'218 gm metal 
with sulphuric acid. 


0'218 x 1:008 


-. 1'008 gm hydrogen is liberated, reacting 00153 &™ 


metal with sulphuric acid. 


equivalent weight of hydrogen =1'008. 
5 4 è 0218x 1'008 _ 14-067 
.'. equivalent weight of the metal OIA ie 11°96 


12. 
4. Cuprous sulphide and silver sulphide are isomorphous 


compounds. The percentage of sulphur in the former is 20°14 
and in the latter is 12°94. The atomic weight of copper is 63°57. 


Calculate the atomic weight of silver. y f 
In CuS, 100-20'14=79'86 gms of Cu combine with 
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20°14 gms of sulphur. In AgeS, 100—12'94=87°06 gms of Ag 
combine with 12°94 gms of sulphur. 
, 87°06 20°14 
12°96 
=135'5 gms of Ag. 
We have, according to law of isomorphism, 
atomic wt of silver _135°5 
atomic wt of copper 79°86 
atomic wt of silver _ 735'5 


or, 20°14 gms of sulphur combine with 


or, 63°57 ~~ 79°86 
atomic wt of silver = 1355X 63°57 _ 197-9, 


79°86 
5. Potassium perrhenate is isomorphous with potassium 
permanganate (KMnO4) and it contains 64°37 percent of rhenium. 
Calculate the atomic wt of rhenium. 
Since the molecular formula of potassium perrhenate is the 
same as that of KMnO4. 
,*,. molecular weight of potassium perrhenate 
=39+X+16x 4, 
Where, X=at. wt of rhenium ; at. wt of K=39; at. wt of 
_oxygen= 16. 
or, (39+X+64) gms of potassim perrhenate contain X gm 
of rhenium. .", the percentage of rhenium in the potassium 


_ X.100 
perrhenate= 305 64" 
> TOOK. 2 5. 3 STRE: 
By the question, 304K 4647 04 Oitmaa w= 10610, 


6. A sample of metal oxide weighing 6'5 gms is decomposed 
quantitatively to give 6'251 gms of the metal. The specific heat 
of the metal is 0'0332. Calculate the exact atomic weight of the 
metal. I. I. T. Adn. T. 1969. 

0'249 gm oxygen combined with.6'251 gms of the metal in the 
metal oxide. 


6i251 X83) bene. 
a -p249 = 200'80 BINS eis 


Equivalent weight of the metal is therefore 200'80. 


«°. 8 gms of oxygen , 
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Again, according to Dulong—Petits’ law, 


Sees a Met) An ee 

rough atomic! weight petiticheat 0:0332 A h 
at. wt 1277 ee, 

Now, eq. wt Salene or, valency 30080 0°96. 


Since valency must be an integer, exact valency of the metal 

is therefore 1. 
exact atomic wt of the metal=eq. wt. valency 
=200'80 x 1=200°80. 

7. Naturally! occurring boron consists of two isotopes whose 
atomic weights are 10°01 and 11°01. The atomic weight of 
natural boron is 10°81. Calculate the percentage of each isotope 
in natural boron. I. I. T. (Group A). 1978, 

Let X be the number of atoms of one of the two isotopes,’ 

‘100 -- X’ is the number of atoms of the another isotope. 
Now, wt of one of the two isotopes+wt of the another isotope 
=total wt of the naturally occurring boron. 
or, X.10°01+(100— X). 11°01=10'81.100. .*, X=20, 

Percentage of one of the two boron isotopes =20. 

Percentage of the another isotope=80. 

8. 1.2 gms of sodium chloride was dissolved in water and 
the solution treated with excess of silver nitrate. The weight 
of the precipitated silver chloride after washing and drying was 
found to be 2°94 gms. Calculate the equivalent weight of 
sodium. (At. wt of Ag=108) Punjab P.U, 1969. 

Wa lieve, wt of sodium chloride _ eq. wt of sodium choride 

wt of silver chloride eq. wt ot silver chloride 
1:2 _ eq. wt of Na+ea. wt of Cl_ eq. wt of Na+35'5 
294 eq. wt of Ag+eq. wt of Cl 108+35°5 
eq. wt of Na=23°071. 

Miscellaneous 

9. 1'878 gms of a metal bromide MBr,, when heated in a 
stream of hydrogen chloride gas is completely converted to the 
chloride MCl which weighs 1'000 gm. The metal M has a 
specific heat of 0°14 cal/g/"C. Calculate the molecular weight 
of the metal bromide. I. I. T. (GpB) 1968. i 


or, 
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(A) Calculation of the equivalent weight of metal (M) : 
wt of MBr,_ eq.wt of MBreo, 1878 _ _eq.wt of M+80 
wt of MC], eq.wt of MCI ° 1000 eq.wt of M+35'°5 
^ eq. wt of M=15'18, 

(B) Calculation of the atomic weight of the metal. (M) : 
(i) Approximate atomic weight calculation : 


Approximate atomic weight= a5 = 45'7, 


(ii) Calculation of valency of the metal (M) : 
at.wt _45°7 
eq.wt is 1e~3. 

(iii) Calculation of correct atomic weight of the metal : 

At. wt=eq. wtX valency=15'18X3=45 54, 

(C) Calculation of the mol. wt of MBr, : 

Here, x=3. The formula of metal bromide is therefore 
MBrg. .. mol. wt of metal bromide 

=at.wt of M+3. at.wt of Br=45'54+ 3'80 =285'54, 

10. On dissolving 2 gms of a metal in Sulphuric acid, 4'51 gms 
of the metal sulphate was formed. The specific heat of the metal 
is 0'057 cal/g/°C. What is the valency of the metal and its exact 
atomic weight? I.J.T. (Gp. A) 1978, 


wt of metal kz eq.wt of metal 
wt of metal sulphate eq.wt of metal+eq.wt of sulphate 


_Valency = 


2 _ __eq.wt of metal . ein 
Or, T51 eqwt of metal+48—"*' dwt of metal =38'247. 
4 BAG erry 
Approximate at.wt= 6957 112°28. 


at.wt _112:28 
Walenta aot = 38247 

=2'935=3. .'. correct at. wt of the metal =eq.wt x valency 
=38'247 x 3=114°741. ; 

11. It was observed that 10 gms of silver combine with 6'1 
gms of metal chloride whose vapour density is 7°0 (air=1), Find 
the exact atomic weight of the metal. (Ag=108, Cl=35°5, vapour 
density of air=14'48) 
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108 gms of silver combine with 35'5 gms of chlorine. 
p 355x10 355x10 

~ 108 
y = 3°288 gms of chlorine. 
Again, wt of metal:=wt of metal chloride—wt of chlorine. 

wt of metal=6'1— 3'288 =2'812 gms. _ - 
2812x 355 _ 

3288 

‘K’ is supposed to be the valency of the metal. The mole-~ 
cular formula of the metal chloride is therefore MCl,. Mol. Wt of 
MCI, =2. vapour density of MCI, (H=1). Vapour density of 
MCI, (H=1)=vapour density of MCI, (air=1). 

vapour density of air =7 X 14'48=101°36. 

Mol. wt of metal chloride (MCl,)=2X 101°36 =202°72. 

Now, mol. wt of metal chloride=at. wt of M+at. wt of 
chlorine. X or 202'72=eq.wt of M. valency+355 X. 

or, 202'72=30°36X+35'5X .'. X=30753. 

Exact atomic weight of the metal (M)=30°36x3=91" 08. 

12. The specific heat of an element varies with temperature. 
but obtained a value of 0'054 at. 30°C. The -element forms two. 
oxides A and B. One gm of each of these two oxides when 
heated on charcoal gives respectively 0'2263 and 0'2851 gm of 
carbon dioxide. Calculate atomic weight of the element and 
write down the simplest formulae of the two oxides. Patna: 
University 1969 A. 


A 5 BIE 
pproximate at.wt of the element= on si 118. 


Eq. wt of the element in the oxide A :— 
44 gms of CO, contain 32 gms of oxygen. 


.. 10 gms of silver combine wit 


Equivalent wt of the metal= 30°36. 


5 32_ 8 
ek f CO <= 
gm o: 2 contains a i gm of oxygen. 


Amount of oxide A=1 gm; amount of oxygen removed as 
CO; from the oxide A by carbon=7';X 0'2263=0'1646 gm. 
.’, amount of element =1—0°1646=0'8354 gm. 

Eq. wt of the element in the oxide Rau 89548 _49 7. 


7 
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Eq. wt of the element in the oxide B:— 
Similarly eq.wt of the element in the oxide B=30°45, 


Valency of the element in the oxide a-m : 


3 ; 118 

Valency of the element in the oxide B= ags ™4 

Exact at.wt of the element in the oxide A =407 x 3=122'1. 

Exact at.wt of the element in the oxide B=30°45 x 4=121'8. 

Formulae of the two oxides A and Bare M20; and M,Q, or 
MO; respectively. 

13. The equivalent weight of a metal M is 29'4. What 
will be the volume of hydrogen at 10°C and 750 mm, Pressure, if 
0'444 gm of the metal reacts with dilute sulphuric acid ? Ranchi 
University. Supp. 1968. 


29°4 gms of the metal (M) liberate 1:008 &m of hydrogen 


sis 0/444 gmn o liberates 1008X 0444 0-015 gm.” ”, 


w ,750xV 
We have, PV = M RT or, 760 


= 9'015 x 00821 x (273 +10) 
2 


V=0'176 litre=176ce, The volume of hydrogen at 10°C 
and 750 mm Pressure is therefore 176 cc. 


[We have, Pv=WRT ; æy ons x 0:0821 x 273, 
Or, V=0'168 litre at N.T.P. 


req. Vy x 250 

Again, EV Way 1x0'168 presen E 760 

Tare 273 383 

=. Vy=0'176 litre=176cc at 750 mm 
10°C temp,] 

14. A metal on being heated in a current of chlorine yields 

a liquid containing 54-49, chlorine. 0.522 gm of this compound 


gave 47°6cc of vapour at 15°C and 754 mm pressure. Find its 
molecular formula. [ Cl=35'46 ] Ranchi. U. 1971, 


. 


Pressure and 
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54'4 parts by wt of chlorine combine with (100—54°4)=45°6 
parts by wt of the metal. 


., 35°46 parts by wt of chlorine combine with 45°6 x 35°46 


544 
=29'723 parts by wt of the metal. 
eq.wt of the metal = 29'723. 
W 754x 47°6 
We have, PV=0 RT > 780x1000 
0522 x 0'0821 x (273+15) 
M 
M=261'361. Mol. Wt of the metal chloride (liquid) is 
therefore 261'361. Let X be the valency of the metal. Formula 
of the metal chloride therefore MCI,. Again, mol. wt of metal 
chloride=at. wt of M+at. wt of chlorine. valency. 
or, 261°361=at. wt of M+35'460X 
=eq. wt of M. valency+35°460X. 
or, 261°361=29°723X +35°460X =65'183X 


xarbiy, 


Molecular formula of the compound is therefore MCl,. 

15. A piece of metal weighs between 0'5 and 0'6 gm. When 
it dissolves in dilute acid, 196 cc of Hg measured at N. T. P. are 
evolved. If the correct at. wt of the metal be 65'2, calculate 
the exact weight of the piece of metal dissolved in the acid (one 
litre of H at N. T. P. weighs 0'09 gm); Bhagalpur. U. 1973, 
1976 ; Patna. U. 1973 A ; Ranchi. U. 1968A, °73S ; M. U. 19675, 
1976A ; L. N. M. U. 74A ; Bombay 67. 

Let w be the weight of metal in gm. 

1000 cc of Hg at N. T. P. weigh 0°09 gm. 


+, 196 cc of HR at N. T. P. weigh 20X136- 010176 Pate 

0:0176 gm of Hg is evolved, when w gm metal dissolves in 
acid. 
.'. 1008 gm of He is evolved, when wx ore gm metal 


dissolves in 
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= F wx 1008 
Equivalent weight of the eO OE 
eq. wt of Ha=1'008. 


2 f ea A Vat WE wXx1'008_ 652 
Again, equivalent pa ae Orea alne 
_ 652x 00176 
EINAN 1008 x valency’ 


"2X 0°017 5 
When, valency=1 ; v=652x00176_ 1138 gm. 
When, valency=2 ; w=+ 338 _ 0569 gm. 


When, valency =3 3 w= H188 9379 gm. 


As the metal weighs between 0'5 a 
corresponds to valency=2 is the 
metal, dissolved in the acid. 

16. A metal M which in dival 
an oxide which contains 90°66% o 
of its oxide were treated wit 
nitrate were formed, and an ins 
was left, The residue was s 


nd 0°6 gm, the weight 
exact weight of the Piece of the 


weight of nitrate 

= equivalent weight of metal+-eq. wt of Oxygen 

equivalent weight of metal+eq. wt of nitrate 
a 892 Sez 8h 1370- 4°78=8'92= amount of metal 
13°24 2+-62 oxide in which metal is divalent, reacted 
with nitric acid, 
Here, eq. wt of metal—z je 
Nitrate=62, .*, 2=103°50. At. wt of the metal =103°50 x 2 
=207:00, Now, number of atoms of M: number of atoms of 
Z 90°66 , 9°34 ait 0°584 

Oxygen “207 * je = 9-438 : 0°584=1: 4 


043g 1 °° 133533 4 
Formula of this ide i 


q. wt of oxygen=8 5 eq. wt of 
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Formula of another metal oxide in which metal is 86°61% in 
amount = 
~ Number of atoms of M:: number of atoms of oxygen | 

86°61 , 13°39 : $ 0:837 f 

= 507 9 Sorat 418 : 0'837=1 : o4: 2. Formula of 
the metal oxide is therefore MO%3. 

17. A metal forms two oxides. The- higher oxide contains 
20% oxygen while 4°29 gms of the lower oxide when converted 
into higher weigh 4'77 gms. Find the two equivalent weights of 
the metal. 


The higher oxide contains 20% oxygen. 


or 80 gms of the metal combine with 20 gms of oxygen. 


80x8_ 
30° 732: 


Again, 4°29 gms of lower oxide combine with (4°77 — 4°29) gms 
of oxygen to form the higher oxide. 


equivalent weight of the metal in higher oxide= 


4°29x8 
4°77 — 4'29 


equivalent weight of the lower oxide= 


4:29x8 
oig =70, 

Now, one gm. equivalent weight of the lower oxide should 
contain 8 gms of oxygen. .°, equivalent weight of the metal 
in lower oxide =70 — 8 =62. 

18. 1307 gm of the hydrated chloride of a metal M was 
heated toa constant weight, the final weight of the anhydrous 
chloride being 1114 gm. Treated with an excess of sulphuric 
acid, 1582 gm of the anhydrous chloride gave 1'774 gm of the 
anhydrous sulphate. The specific heat of the metal is 0'047. 
Calculate the accurate atomic weight of the metal and write the 
formula for its hydrated chloride. (Cl=35'°5 ;S=32;H=1; 
O=16). Panjab, U. I. Sc. 1961; Kashmir 1973. 

wt of anhydrous chloride _ eq. wt of metal+35°5 

We pave, wt of adoi sulphate Sa wt of metal+48 

ʻe eq. wt of metal=67'49, ‘,* eq. wt of SO"4=8=48, 

4 13617 


= Gide Pazia. = 
Approx. at wt= S047 136'17 ; valency 


6449 ~* 
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Exact at. wt=67'49x2—13498; formula of anhydrous 
chloride is MClz, where M stands for metal. Mol. Wt of 
anhydrouschloride = 134'98 +71'00=205'98, Now, 1'114 gm anhy- 
drous metallic chloride is obtained from 1°307 gm hydrated 
metallic chloride. So, water present in the metallic chloride 
=1307-1114=0°193 gm wt of water combined with mol. wt 
of anhydrous chloride = 0193x 20598 q 35:70. .°. number of 
water moles= $, $ 
Formula of the hydrated metallic chloride is theretore MCle, 
2H,0. 

19. 4215 g of a metallic carbonate was heated ina hard 
glass tube and the CO, evolved was found to measure 1336 ml 
at 27°C. and, 700 mm pressure. What is the equivalent weight 
of the metal 7 I, I. T. 1979. 

PV <P Vo ct 700 x 1336 _760 x Vo 

T To 237+ 27 273 

or, Vo =1119°77 cc. e 

22400 cc CO3 weigh 44 gms, ‘o mol. wt of CO,=44. 

5 44x1119°77_... 
WLIO T Tics V8) tas 39400 = 0499 em. 

Wt of metallic carbonate =4'215 gms. 

Wt of carbon dioxide =0°499 gm, 

wt of metallic oxide =3°716 gms, 

We of metallic carbonate 

Wt of metallic oxide _ 

=2d. wt of metal+eq. wt of carbonate 
eq. wt of metal+eq,. wt of oxygen _ 
4215_M+30 


o pii reos 


3716 M8 ` M=eq. wt. of metal =155'83,. 

20. Calculate the number of oxygen atoms in 6'92 gms of 
orthophosphoric acid. (H—1, P—31, O—16). 

1 gm mole orthophosphoric acid=98 gms, 

» formula of orthophosphoric acid is HgPO,. 
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or, 98 gms of orthophosphoric acid contain 
6023 X 1028 number of molecules. 
.", 6'92 gms of orthophosphoric acid contain 
67023 x 1023x692 » » » 
98 
Again, 1 molecule of orthophosphoric acid contains 
4 atoms of oxygen. 


molecules ” P z 


4x 6'023 x 1028 x 6°92 

98 ; 

.',. number of oxygen atoms in 6'92 gms of orthophosphoric 
4% 6'023 x10" x 6°92 _ 4-7 x 1023, 

21. A compound was found to contain 5°37 percent nitrogen. 
What is the minimum molecular weight that could be assigned 
to the compound? J.J. T. (Gp. B.) 1968. 3 

One molecule of the compound must possess at least one 
atom of nitrogen. Hence, the molecular weight of the compound 
must possess at least 14 parts by wt of nitrogen. If the 
minimum molecular weight of the compound is supposed to be 
14x 100 

M ` 
Again, the actual percentage of nitrogen=5'37. 
14X100_5-37 or M=2606 
M i 


6'023 x 1028 x 6'92 
98 


atoms of oxygen 


acid 


M, the percentage of nitrogen in it= 


22. lgm of an acid when completely acted upon by Mg 
gave 1'201 gms of an anhydrous magnesium salt. Find the 
equivalent weight of acid (Mg=24). Patna. U. 19733 M. U. 
19734. 

K We know, equivalent weight of a metal+equivalent weight 
of acid=equivalent weight of salt+equivalent weight of 
hydrogen. 

or, equivalent weight of acid=equivalent weight of salt 
+equivalent weight of hydrogen—equivalent weight of metal. 

Nows equivalent weight of acid _ weight of acid 

equivalent weight of salt weight of salt 
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equivalent weight of acid_ 1 
equivalent weight of salt 1'301 


equivalent weight of salt=1°301xequivalent weight of 
acid. 


So, equivalent weight of acid=1'301 X eqivalent weight of 
acid+equivalent weight of hydrogen—equivalent weight of 
metal. 


or, equivalent weight of acid—1°301 x equivalent weight of 
acid=1—12=—11. 


© eq. wt. of hydrogen=1 ; eq. wt. of Mg=12. 
or, equivalent weight of acid. (1—1'301)= —11. 


1l = 36:5; 


-. equivalent weight of acid= Gan, 


Problems for practice 


1. The oxide of a bivalent element contains 40% oxygen. 
Find the atomic weight of the element. Ranchi. U. Pre. U. 1969, 


Ans, 24 

2. A metallic oxide contain 60% of the metal, What is the 
equivalent weight of the metal? West. Bengal. H. S. C. 1978, 

Ans. 12 

3. 15276 gms of CdCl? was found`to contain 09367 gm of 

cadmium. Calculate the atomic weight of cadmium. 

I. I. T. (Gp. A) 1975. Ans. 11252. 

4, 164 milligram of a metal when dissolved in HCl evolves 

31 cc. of hydrogen at N. T. P.. Calculate the equivalent weight 

of the metal. West. Bengal. Adn. T. E. E. 1973, Ans. 58°78 

5. 2°40 gms of calcium on being treated with excess of dilute 

hydrochloric acid liberate 1344 cc pure hydrogen at N.T., P. 

Find out the equivalent weight of calcium ? West. Bengal. H. S. 

(Tech). 1974. Ans, 20 

6. What is the equivalent weight of a metal, 24 gms of 


which evolve from an acid 22'4 litres of hydrogen at N, T. P? 
U, P. Board I. Sc. 1967. Ans, 12 
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7. 104gm of the chloride of a metal on treatment with 
sulphuric acid gave 1°16 gm of insoluble sulphate of the metal. 
Calculate the equivalent weight of the metal. Orissa. P. U. 1968 


i Ans. 67°66 
8. The oxide of an element contains 25% oxygen. The 


specific- heat of the element is 0°088. Calculate the equivalent 
weight, valency and atomic weight of theelement. Osmania. 
Pre. U. 1968. Ans. 72 

9. 0'5 gm of a metal on oxidation gave 0°63 gm of oxide. Its 
specific heat was found to be 0'1. Calculate its atomic weight. 
Kurukshetra. P. U. 1968. Ans. 624 

10. The specific heat of a metal is 0'237. On analysis its 
chloride gave 79°77% chlorine. Determine its atomic weight and 
valency. All India H. S. 1968. - Ans. 27°13 

11. What is the valency of an element of which the equiv- 


lent weight is 12 and the specific heat is 0'25? I. I.T. (Gp. B) 
1971, Ans. 2 


12, Ifthe vapour density of the chloride of an element M is 
66°75 and the oxide of the element contains 53% of the element, 
calculate the valency and the atomic weight of the element. 
West. Bengal. Adn. T. E. E. 1970. Ans. 3; 27 

13, The vapour density of the chloride of a metal is 66.and 
the oxide of the metal contains 53% of the metal. Calculate 
valency and atomic weight of the metal. (Cl=35’5). Bhagalpur. 
U.'74 ; Ranchi. U. Pre. U. Supp. 1970. Ans. 3 ; 27. 

14. The specific heat of the metal is 0°152. 0°0564 gm of the 
oxide of the metal yielded 0'2014 gm of the anhydrous bromide. 
Calculate the at. wt of the metal, (O=16 ; Br=80) Ranchi. U. 
1975A. > Ans. 40 

15. 2380 gms -of a metal on treatment with nitric acid and 
subsequent ignition gave 3'022 gms of the oxide. Specific heat 
of the metal is 0°055, Calculate the exact atomic weight of the 
metal. Ranchi. U. 1974. Ans. 11892 

16. A sample of a metal chloride weighing 0'22 gm required 
0°51 gm of silver nitrate to precipitate the chloride completely. 
The specific heat of the metal is 0'057. Find the molecular 


106 FUNDAMENTALS OF CHEMICAL PROBLEMS 


formula of the chloride if the symbol of the metal is M. [Ae. wt 
: N=14 ; O=16 ; Cl=35'5; Ag=1079]. WW. B. H. S. 1976 ee 
T. (Gp. B) 1976. Ans. MCI; 

[Hints: eq. wt of AgNO, reacts with eq. wt of metal 
chloride. From this find out eq. wt. of metal chloride. Sub- 


tract eq, wt of chloride from eq. wt of metal chl 


oride to get eq. 
wt of metal] 


17. Two oxides ofa metal containing 36'8% and 30°38% of 
oxygen. The specific heat of the metal is 0'117. Assign the 
formula of the two oxides (Valency of oxygen=2), Patna 
University. Ans. M,O, ; MgOg 

18. Calculate the number of Phosphorous atoms when there 
is 0'519 mole of phosphorous (P4). Ans. 1°25 x 1024 

19. The equivalent weight of the metal is 40. What is 
volume of oxygen that would combine with 0°31 gm of the metal 
at 15°C and 720 mm pressure? Vap. pre, at 15°C=12'8 mm. 

Ans. 49°20 ce 

20. The equivalent weight of a metal is 36. What weight 

of the metal would give 9'322 gms of its chloride ? 


Ans, 4693 gms. 
21. The equivalent weights of two metals Mı and Mg are 


respectively 24 and 42, What weight of M, would get 
displaced from its salt solution by 2'1 gms of the metal Ma ? 
Ans, 1'2 gms 


22. 2°47 gms of CuO were obtained by oxidi 
of copper by nitric acid. 0°335 gm of Cu was 
0'346 gm of Zn from CuSO, soln, 
and Zn. Ans, 328 333°'7, Patna University, 


23, 37 gms of an oxide of a metal were heated with charcoal. 
CO, produced were absorbed in caustic soda and weighed 
lgm. Find the equivalent wt of the metal, Ans, 32'8. Patna 
University. 


24.. A metal forms three chl 
and 48'3% by wt of 


« 


sing 1°986 gms 
precipitated by 
What are the eq. wts of Cu 


lorides containing 23°6%, 38°2% 
chlorine respectively. The vapour densities 
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of these chlorides are 746, 92°9 and 110°6 respectively. Find the 
at. wt of the metal and simplest formulae of the compounds. 
Ans. MCI; McCl ; MCls. ` 

(Hint. Take help of Cannizzaro’s method.] 

25. An element A forms chloride which contains 29°34% by 
wt of chlorine and is isomorphous with potassium chloride. 
Calculate the at. wt of A. Calcutta. U. Ans. 855 

26. Potassium selenate is isomorphous with potassium 
sulphate and contains 35°75% of selenium. Find out the at. wt of 
selenium. All India H. S. 1969. Ans, 79 

27. Crystalline zinc sulphate is isomorphous with magnesium 
sulphate (MgSO,4, 7H2O) and is found to contain 22'6% zinc. 
Calculate the at. wt of zinc (Mg =24 ;S=32). Bombay University. 
I. Sc. 1976. Ans. 64°82 

28. A compound M,Og is produced by combination of 
8'241 gms of M with 4'09 gms of oxygen. Calculate the at. wt of 
M. Ans. 80°60 

29. Hydrogen has two isotopes with at. wts Land 2. It the 
hydrogen gas has mean. at. wt 1'008, find the percentage by 
weight of each isotope in the hydrogen gas. Ans. 99'2; 0°8 

30, An element has two isotopes A and B whose at. wts 
ate 69 and 71 respectively. Ifthe percentage by wt of isotope 
A is 60°2, what is the average at. wt of the element ? 


Ans. 69796 
31. In sulphur dioxide there is 50% sulphur. Find out the 
at. wt of S? W.B. H. 8. 1977. Ans. 32 


32. The oxide ot a metal contains 28°6% oxygen and the 
vapour density of the chloride of the metal is 555. Find out the 
atomic weight of the metal. M. U. 1970A, ’73S ; Ranchi. U. 
1977. Ans. 399 

33. Calculate the atomic weight of chlorine from the 
following data and hence find out the number of chlorine atoms 
in a molecule of chlorine monoxide. 
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Compounds Density (air=1) | Percentage composition 
Chlorine ~ 2°49 Cl 100 
Hydrogen chloride 1'259 Cl 97:23; H 2'77 
hlorine monoxide 3°007 Cl 81°58; O 18°42 
Chlorine peroxide 2°3 Cl 52°55; O 47°45 
Ans. 355,2 
34. 


One gm of the anhydrous chloride of a metal just reacts 
with 3°82 gms of silver nitrate ; the vapour density of the chloride 
is 668. What is the at. wt and the valency of the metal ? 
Ranchi. U. 1974. Ans. 27°1 
35. 1959 gms of a certain metal when heated in oxygen in- 
creases to 2'439 gm. The specific heat of the metal is 0'0944. 
(Fi d the at. wt. of the metal, Ranchi. U. 1973S. Ans. 65°30 
36. A metal M whose sp. heat is O'll, formsa chloride 
containing 34°47% of the metal. Calculate (a) its equivalent 
weight, (b) its atomic weight and (c) the molecular formula 
of its chloride. Ranchi. U. 1967S. Ans. 18°66 3 55°98 ; MCI. 
37. 0'383 gm of the metal when treated with dilute hydro- 


chloric acid displaced 152 cc hydrogen measured over water at 


27°C and 746°6 mm pressure. Calculate the equivalent weight of 


the metal. If the specific heat of the metal be 0'1, what is its 
exact atomic weight? (Aqueous tension at 27°C =26'°6 mm 
of mercury. Weight of 1 litre of hydrogen at N. T. P =0.09 gm) 
Ranchi. U. 1968A. 

38. If the equivalent wei 
of the sulphate can be obt: 
Ranchi. U. 1967A, 


Ans. 65 
ght of a metal is 103°5, what weight 


ained from 10 gms of the chloride 7 
Ans. 10°86 gms 
ein the vapour- 
ction with excess 
e. Calculate the 
Ans. 86 
give hy- 
30 gms of 


39. The vapour density of a metallic chlorid 
ous state is 66°8. One gm of the chloride on rea 
of silver nitrate gave 3225 gm of silver chlorid 
at. wt. of the metal. M, U. 1967A, 

40. What weight of zinc will react with acid to 
drogen to completely react with oxygen obtained from 
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Potassium chlorate? [K=39; Cl=35'5; Zn=65 J]. Magadh. 
U. 1967A ; Ranchi. U. 19735. Ans. 477 

41. The specific beat of metal is 0'27. The chloride of the 
metal contains 74'7% chlorine. Find out the at. wt. of the 
metal. Bhagalpur. U. 1969A. Ans. 24 

42. On dissolving 0'185 gm of a metal in dilute HC] 711 cc 
of hydrogen gas was collected over water at 18°C and 752'3 mm 
pressure. Find out the eq. wt of the metal. [Aq. Tension = 
15'3 mm at 18°C] Ranchi. U. 1970A. a Ans. 3178 

43, The oxide ofan element contains 53°3% oxygen. The 
Vap. Density of the chloride of the element is 85. Find out the 


valency and at. wt of the element. Bhagalpur. U. 1976A. 
Ans, 4;9 


44. 0'18 gm of a piece of metal on treatment with dil, 
H3SO4, liberates 224 cc of hydrogen. at N. T. P, Determine the 
eq. wt of the metal. Pat. U.’73A. Ans. 9 

45. 0'2332 gm of a chloride of a metal was dissolved in 
water. Thissoln; when treated with excess of AgNOs soln 
gave 0°6028 gm of AgCI. The sp. heat of the metal is 0'15. 


Calculate the eq. wt and at. wt of the element. Pat. U. 73. 
i Ans. 2,412 
46. 1'52 g hydroxide of a metal gives 0'995 g oxide of the 


metal. Find the eq. wt of the metal. Patna. U. 1974A. 
Ans. 9'06. 


47. When 0'25 gm of a metal reacts with HCI, 223 cc of 
hydrogen are at N. T. P. If the sp. heat of the metal is 0'254, 
find out the at. wt of the metal. R. U. ’73S. Ans. 25°1 

48. 1°03 gm Zn. is shaken with CuSO, soln, 1gm Cu 
Separated. Calculate the eq. wt of Cu. (Given, eq. wt of Zn= 
32'5) Magadh. U. 1975S. Ans. 3155 

49. O'l gm of a metal when dissolved in dil. HCl evolves 
1242 cc of Ha at N. T.P. The sp. heat of the metal is 0'214. 
Calculate the at. wt of the metal. - W. B. J. E. E.’77. Ans. 27'27 

50. A molecule of sulphur dioxide contains one atom of 


sulphur and two atoms of oxygen. The compound contains 
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50% of sulphur by weight. What is the ratio of atomic weights 
of sulphur and oxygen? W.B. H. S. C. 1979. Ans. 2 
51. The oxide of an element X contains 10°30 percent by 
weight of oxygen. The specific heat of the element is 0:0305. 
Calculate the correct atomic weight of the element and write 
down the formula of the above mentioned oxide. wW. B. J. E.E 
1979. Ans. 20898; X205- 
52, The ozide of a solid metallic element contains 65'2% of 
the element. Its atomic weight is 45. What is the valency of 
the element? What isthe formula of its oxide ? W. B.H. S. 
:C (Voc) 1979. Ans. 3;M20s 
53. Tin completely reacts with sulphuretted hydrogen to 
form the same volume of hydrogen gas as sulphuretted hydrogen 
together with tin sulphide. Find out the equivalent weight of 
sulphur. Vapour density of.sulphuretted hydrogen is 17. You 
are asked not to use formula of any compd. 

{Since volume of sulphuretted hydrogen and hydrogen gas is 
the same, sol gm mole sulphuretted hydrogen must give 1 gm 
mle hydrogen gas under the same conditions of temperature 
pressure. Again, 1 gm mole of hydrogen=2 gms; Vapour 
density of sulpburetted hydrogen=17. Mol. wt of sulphu- 
tetted hydrogen=34. As 2gm hydrogen come from 34 gm 
sulphuretted hydrogen, (34—2) gm sulphur is-present in 34 gm. 
sulphuretted hydrogen i.e. 32 gm sulphur combine with 2 gm 
hydrogen to form 1 gm mole sulphuretted hydrogen. .’ 


Salig 
hydrogen must combine with 16 gm sulphur. 


'' equivalent wt 
of hydrogen=1 ,*, equivalent wt of sulphur = 32] 


54. Ifb gm of silver dissolved in nitric acid, require a gm of 
sodium chloride for complete precipitation as silver chloride, and 
if a’ gm of sodium chloride yield b“ gm of silver chloride, show 
that the equivalent weight of chlorine is equal to 108. 


b i i 
{22-1}. Where 108 is the equivalent weight of silver. 
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55. 0'18 gm magnesium evolves 1827 cc of hydrogen from 
acid at 7565mm pressure and 17°C temperature. Hydrogen is 
collected by.displacement of water. Calculate equivalen 
weight of magnesium. The metal when heated in an environmentt 
of nitrogen gives a binary compound of magnesium and nitrogen 
containing 72% magnesium. Calculate equivalent weight of 
nitrogen. Aqueous tension at 17°C=14'4 mm] Ans. 4°66 

56. 1g of the chloride of a bivalent metal when treated with 
an excess of silver nitrate soln, produced 0°965g of silver chloride. 
Calculate the at. wt of the metal up to two places of decimal 
assuming the atomic weight of silver = 107'9 and that of chlorine = 
35°5. Calcutta. U. B. Sc. (A), 1979. Ans. 227°30. 

57. Calculate the equivalent weight of nitrogen in each 
of the following conversions. (i) NOs——>Ne (ii) Ne—>NHs. 
I. I. T. 1979, rAns. 2°33; 4°66 


CHAPTER 6 


Problems on laws of chemical combination 

There are five laws of chemical combination. The laws are: 

(i) The law of conservation of mass ; (2) the law of cons- 
tant or definite proportions; (3) the law of multiple propor- 
tions; (4) the law of reciprocal proportions or equivalent 
proportions or combining weights and (5) the law of gaseous 
volumes (Gay Lussac’s law). 

(1) The law of conservation of mass :—The law states that : 
In a chemical reaction, the total mass (amount) of the reactants 
equals to the total mass (amount) of the products. 

If in a reaction, A and B are the masses of two reactants 
while C and D are the masses of products formed, then A+B 
=C+D. 
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Numerical example : 


What amount of silver chloride is formed when 1'235 gms. of 
potassium nitrate, produced by the action of 5'846 gms. of 
potassium chloride with 3°423 gms. of silver nitrate? It is 
assumed that the law of conservation of mass fully holds good. 

According to the law of conservation of mass we ean write 
the total mass of the reactants=the total mass of the products 
ie, the mass of silver nitrate+the mass of potassium chloride 


=the mass of silver chloride+the mass of potassium 
nitrate. 


Let the mass (amount) of silver chloride= x gms. 

3'423+5°846= x +1°235, x =8.034 gms. 

Hence, the amount of silver chloride = 8°034 gms. 

(2) The law of constant or definite proportions (com- 
position) :—The law states that: A chemical compound always 
contains the same elements combined together in a constant or 
definite proportion by weight. 

A chemical compound like common salt (sodium chloride) 
may be obtained from various sources and from various places. 
It can also be artificially prepared by heating sodium in a jar of 
chlorine. On analysis, it is found that all samples of pure sodium 
chloride contain sodium and chlorine only and 23 parts by 
weight of sodium combine with 35'5 parts by weight of chlorine 
to produce 58°5 parts by weight of common salt. Thus the 


tatio of the weights of sodium and chlorine in the compound 
sodium chloride is always constant. 


Numerical examples : 


(1) Sodium chloride obtained from three different sources 
was found to contain sodium and chlorine only and gave the 
following results: (i) 3'2 gms of sodium chloride contained 
1°940 gms. of chlorine ; (ii) 10°0 gm. sodium chloride contained 
6'068 gms. of chlorine and (iii) 5'3 gms. of sodium chloride con- 
tained 3'216 gms. of chlorine. Show that these are in agreement 
with the law of constant composition. 
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(i) 3'2 gms, of sodium chloride contain 1'940 gms. of chlorine 


100m. » a A eg X100= 6062 ems. a 

(ii) 10 gms. 5 a „ 6068 gms. of chlorine. 
» 6°068 p 

100 gms. Fy >» 0° x100=60°68 gms. , , 

(iii) 5°3 gms. 3 zi » 3'216 gms. of chlorine. 

100 gms. n 3216 x100=60'68 ERa 2 


The percentages of chlorine in the above three samples of 
sodium chloride are 60°62, 60'68 and 60°68 respectively and this. 
explains the validity of the law of canstant composition within 
the limits of experimental error. 

(2) Given that (i) 0°36 gm. wt. of a metal when burnt in 
oxygen yields 0'60 gm. oxide; (ii) carbonate of that metal 
contains 28°57% of the metal. Determine, with the help of law 
of constant proportion, the wt. of the oxide which will be 
obtained by heating 1 gm. of that carbonate. West Bengal H. S. 
1974, # 

0'36 gm metal yields 0°60 gm metal oxide. 


<. 28°57 gm metal yield 060x3857 —47°616 gm metal oxide. 
So, 100 gm carbonate must yield 47°616 gm metal oxide. 


1 gm carbonate yields am 6 _.0:47616 gm metal oxide. 


The problem is solved on the basis of law of canstant 
Proportion that the weight ratio of metal and oxygen remains 
always same in the oxide produced directly from the metal and” 
that of produced on heating carbonate. 

The law of multiple proportions: The law states that: when 
two elements combine to form two or more different compounds, 
the different weights of one of the elements which combine with a 
constant weight of the other element, bear a simple ratio to one 


another. 
N. B. (i) Simple ratio means ratio of small whole numbers. 


8 ' 
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(ii) Small whole numbers are viz. 1, 2, 3, 4 and 5 generally. 

If two elements say A and B combine to form three different 

compounds and let X gms, Y gms and Z gms be the three different 

weights of one of the elements A that combine with a constant 

‘weight m gms of B in the three compounds, then according to the 

law these weights of A must bear a simple ratio to one another 

ie, K:Y¥:Z=1 :2?3o0r2:3:4 or ratio of any other small 
whole numbers. 9 
Numerical examples : i 

(1) Carbon combines with hydrogen to form three compounds 

A, Band C. : The percentages of hydrogen in A, B and C are 

25 per cent, 14°3 per cent and 7'7 per cent respectively. Which 

law of chemical combination does this example illustrate ? How ? 

' I.I. T 1973. 


Name of the 


Percentage of Percentage of 


Compound Hydrogen Carbon 
A 25°00 1C0—25=75'00 
B 14°30 100 —14'30=85'70 
€ 7:70 100- 7:70=92'30 


(a) In compound A, 25 parts by wt of hydrogen combine 
with 75 parts by wt of carbon. 


In compoand A, 1 part by wt of hydrogen combines with 
28 =3 parts by wt of carbon (app). 
(b) In compound B, 14°30 parts b 
with 8570 parts by wt of carbon. 


in compound B, lpart by wt of hydrogen combines 
85°70 


143076 parts by wt of carbon (app). 


(c) In compound C, 7'70 parts by wt of hydrogen combine 
with 92°30 parts by wt of carbon, 


y wt of hydrogen combine 


with 
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in compound C, 1 part by wt of hydrogen combines 
with 2220213 parts by wt of carbon (app). 

Thus, the weights of carbon which combine with the same 
weight of hydrogen are in the ratio 3 : 6: 12i.e, 1:2:4. This 
is a simple ratio and, hence, the numerical example illustrates the 
law of multiple proportions. 

(2) Two compounds each containing only tin and oxygen had 


the following compositions ¢ 


wt% of Sn wt% of O 
Compound A 7877 21°23 
Compound B 88'12 1188 


Show how these data, illustrate the law of multiple 
proportions? I. I. T. 1975. 

(a) In compound A, 21'23 parts by wt of oxygen combine 
with 78°77 parts by wt of tin. 

in compound A, 1 part by wt of oxygen combines 

with 1877 3:7 parts by wt of tin. 

(b) In compound B, 11°88 parts by wt of oxygen combine 
with 88°12 parts by wt of tin. 

in compound B, 1 part by wt of oxygen combines with 

88°12 
1188 

Thus, the weights of tin which combine with a fixed weight 
of oxygen are in the ratio3'7:7'4ie,1:2. Thisisa simple 
ratio and, hence, the data illustrate the law of multiple 
proportions. Y 

(4) The law of reciprocal proportions or equivalent pro- 
portions or combining weights: The law states that: elements 
combine amongst themselves in the proportion of their equi- 
valent weights or of a simple multiple (or fraction) of them. 

Let the equivalent wt of an element A be X gms and that of 
B be Y gms then according to the above law when A and B 


=7'4 parts by wt of tin. 
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combine amongst themselves they will do so in the proportion of 
their equivalent weights i.e, X: Y orits simple multiple (or 
fraction). 

Numerical examples : 

(1) Aluminium oxide contains 52°9% aluminium and carbon 
dioxide contains 27°27% of carbon. Assuming the law of 
reciprocal proportions, calculate the percentage of aluminium in 
aluminium carbide. All India H. S. 1970. 

In aluminium oxide, 47°1 parts by wt of oxygen combine with 
52'9 parts by wt of aluminium. 

in aluminium oxide 8 parts by wt of oxygen combine 
with SEO XS 8985 parts by wt of aluminium. 

In carbon dioxide, 72°73 parts by wt of oxygen combine with 
27°27 parts by wt of carbon. s 

.'. in carbon dioxide 8 parts by wt of oxygen combine 
27°27 x8 

7273 

Ratio of different weights of aluminium and carbon combined 
with equivalent weight of' oxygen 

Peete nl 8985., 12:909, Tai, 
=8'985 : 2 999 = 5-999 : 799979 i 

According to thislaw in aluminium carbide, aluminium and 
carbon must be in this ratio. 


with =2'999 parts by wt of carbon. 


So, 4 parts by wt of aluminium carbide contain 3 parts by wt 
of aluminium. 


.. 100 parts by wt of aluminium carbide must contain 
3x100 x10575 parts by wt of aluminium. 

Percentage of aluminium in aluminium carbide is therefore 75. 

(2) Ammonia contains 17:65% hydrogen, water contains 11°11% 

hydrogen and nitrogen trioxide 36°84% nitrogen. Show that these 

figures illustrate the law of equivalent weights. I. I. T. 1964. 


In ammonia, 17°65 parts by wt of hydrogen combine with 
82°35 parts by wt of nitrogen. 
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|, in ammonia, l part by wt of hydrogen combines with 
902 = 4665 parts by wt of nitrogen. 

In water, 11°11 parts by wt of hydrogen combine with 88°89 
parts by wt of oxygen. 

in water, 1 part by wt of hydrogen combines with 

88°89 

1111 

Ratio of different weights of nitogen and oxygen combined 

‘with equivalent weight of hydrogen = 4'665 : 8 
RAGGS er Oe NET feat 

665° Foes : 17142 33. 

Ratio of weights of nitrogen and oxygen in nitrogen trioxide 
‘according to the question = 36°84: 63°16 


=8 parts by wt of oxygen. 


36°84 , 63°16_ 4 . 171422 ° 
=3584 36841 : 171452 : 3. 

Hence, the figures given in the question illustrate the law of 
equivalent weights. 

['.! equivalent wt of H=1; equivalent wt of nitrogen=5 ; 
equivalent wt of oxygen=8. ] 

(3) Hydrogen sulphide contains 5'88% of hydrogen ; water 
contains 11'11% hydrogen ; sulphur dioxide contains 50% sulphur. 
Show that these figures illustrate the law of combining weights. 


I. I. T. 1962. 
In hydrogen sulphide, 5'88 gms of hydrogen combine with 
9412 gms of sulphur. .'. in hydrogen sulphide, 1 gm of 
hydrogen combines with == 16061 gms of sulphur. 
In water, 11°11 gms of hydrogen combine with 88°89 gms of 
oxygen. .°, in water 1 gm of hydrogen combines with 
see =803 gms of oxygen. ‘.’ eq. wt of hydrogen=1. 


Ratio of different weights of sulphur and oxygen combined 
with equivalent weight of hydrogen=16°061 * 8:03 
= 16061 . 803 5 ; 1. 


803 803 
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Ratio of weights of sulphur and oxygen in sulphur dioxide 
according to the question=50 : 50=1 : 1. 

Hence, these results show that the figures are in accordance 
with the law of reciprocal proportions. 

(5) The law of gaseous volume or Gay-Lussac’s iaw states 
that: when gases combine together they do so (i) in simple 
ratio by volume and (ii) the volume of the product if gaseous, 
also bears a simple relationto the volume of the reacting gases 
measured under the same conditions of temperature and pressure. 


Illustrations :—(a) Hydrogen gas can combine with oxygen 
gas to form steam under the same conditions of temperature and 
pressure. 

2 volumes of hydrogen combine with 1 volume of oxygen 
to produce 2 volumes of steam under the same conditions of 
temperature and pressure. The relation by volume amongst 
reactants and product is 2:13 2. 

(b) 2 volumes of carbon dioxide combine with 1 volume of 
oxygen to form 2 volumes of carbondioxide under the same 
conditions of pressure and temperature. The relation by volume 
is2: 1:2, 

(c) 1 volume of nitrogen combines with 3 volumes of 
hydrogen to form 2 volumes of ammonia under the same condi- 
tions of temperature and pressure. The relation by volume is 
E2 

(d) 1 volume of oxygen combines with 2 volumes of sulphur 
dioxide to form 2 volumes of sulphur trioxide under the same 
Conditions of temperature and pressure. The relation by volume 
is 122, 

(e) 1 volume of oxygen combines with 1 volume of nitrogen 
toform 2 volumes of nitric oxide under the same conditions of 
temperature and pressure. The relation by volume is 1:1: 2. 

(f) l volume of carbonmonoxide combines with 1 volume of 
Steam to form 1 volume of carbondioxide and 1 volume of 


x 
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hydrogen under the same conditions of temperature and pressure. 
The relation by volume is 1:1:1:1. 

Numerical example: All the problems are solved in 
Eudiometry (volume—volume calculation) chapter on the basis 
of the law of gaseous volume or Gay—Lussac’s law. 

Miscellaneous $ 

(i) Metal M and chlorine combine in different proportions 

“to form two compounds A and B. The mass ratio M: Cl is 
0'895 : 1 in A, and 1'791: 1in B. Which law of chemical combina- 
tion does this example illustrate? How? JI. I.T. (Gp. B) 1969. 

This numerical example illustrates the law of multiple 
proportions. The reason is that the weights of metal (M) 
combining with the same weight of chlorine (Cl) in A and B are 


0'895 , 1'791 
in the ratio 0°895:1791= T895 ` 08-5 =1:2, which pagat 


ratio. 

(2) Two oxides of a metal (M), when heated to a constant 
weight in a current of hydrogen, gave 0°12585 gm and 0'2264 gm 
of water respectively per gm of the oxide used.’ If the formula 
for the Jatter oxide be given by MO, find that for the other. 

West. Bengal. H. S. 1973. 

18 gm water contain 16 gms of oxygen. 

0'12585 gm of water contains 16x 002582 012585 
=0'11i8 gms of oxygen. 

So, in the first metal oxide, amount of oxygen =0'1118 gm ; 

amount of metal=1—0°1118=0°8882 gm. 

In the first metal oxide, 0°1118 gm of oxygen combines with 
0°8882 gm of metal. 

in the first metal oxide, 8 gms of oxygen combine with 
ones xe =7°944x8 gms of metal (M). 
Again, 18 gms of water contain 16 gms of oxygen. 


16 x 0'2264 
0'2264 gm of water contains —- jg =0°2012 gms, 
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. of oxygen. So, in the 2nd metal oxide amount of oxygen= 
02012 gm; amount of metal=1—0'2012=0°7988 gm. In the 
2nd metal oxide, 0'2012 gm of oxygen combines with 0'7988 gm 

_ of metal. 

`. in the 2nd metal oxide, 8 gms of oxygen combine with 
2788X 3-070 x8 gms of metal (M). 
Ratio of different weights of metal (M) combined with equiva- 


7:944x8_.. Ae 
5970 Sri 944 : 3'970 
= 1944, 3'970 
3970 ` 3'970 
Formulae of the two metal oxides are therefore M20, MO 
respectively. Formula of other is M30. 


lent weight of oxygen = 


231. 


Problems for practice 


1. How much silver nitrate should be allowed to react with 
116 gms of sodium chloride so as to yield 1°70 gms of sodium 
nitrate and 2'87 gms of silver chloride ? It is supposed that the 
law of conservation of mass fully holds good. Ans. 3°41 gms. 

2. 12375 gms of cupric oxide on being heated in a current 
of hydrogen gave 0'9882 gm of the metal. Ina second experi- 
ment, 1'2969 gms of pure copper were dissolved in nitric acid, 
excess of the acid evapoated off and the residue ignited to 
Constant weight. The residue (copper oxide) was 1°6828 gms. 
Show that these results illustrate the law of constant composition. 
: Punjab. U. I. Sc. 1963. 

3. Weight of copper oxide obtained by heating 2'16 gms of 
metallic copper with nitric acid and subsequent ignition was 
2'70 gms, In another experiment, 1°15 gms of copper oxide on 
teduction yielded 02 gm of copper. Show that the results 
illustrate the law of definite proportions. Punjab. H. S. 1965. 

4. Two elements (X) and (Y) combine with each other to 
form three compounds having 75°0%, 85'8% and 92°31% of (X). 
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Show that these results are in accordance with the law of 
multiple proportions. Bombay. U. 1962, 
f 5. A metal forms two oxides. One contains 63°64 percent 
of the metal andthe other 46°67 percent of the metal. Show 
that these results are in accordance with the law of multiple 
proportions. Bombay. U. 1963. 
6. A metal is found to give two oxides; on heating 1 gm of 
each in a current of hydrogen, 0°798 and 0'888 gm of the metal 
were obtained. Show that these results are in agreement with 
the law of multiple proportions. Ranchi. U. Pre. U. 1964. 
7. Two chlorides of a metal contain 35°9% and 52°8% of 
chlorine respectively. Show that the results are in accordance 
with the law of multiple proportions. 
West Bengal H. S. 1963 (Comp.) ; 1966 (Comp). 
8. Carbon forms two gaseous hydrides containing 75% and 
80% of carbon respectively. Show that these compositions 
accord with the law of multiple proportions. 
West Bengel H. S. 1964 (Comp’. 
9. A metal forms two oxides. When 1 gm of each of the 
oxides is reduced, the weights of the metal produced are found to 
‘be 0°798 and 0°888 gm respectively. Show that the experimental 
results support the law of multiple proportions. 
West Bengal H. S. 1968. 


10. A certain metal forms two oxides, when 2 gms of the 
first oxide was heated in a stream of hydrogen 0 2517 gm of 
water was obtained while Lgm of the second oxide under similar 
condition gave 0°2264 gm of water. Show that the results 
illustrate the law of multiple proportion. 

West Bengal E. Adn. T. E. 1969, 

11. Two oxides of a metal, on analysis are found to contain 
7778% and 700% the metal. Show that these results support the 
law af multiple proportions. West Bengal H. S. tee 

12, An element forms two oxides containing respectively 
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53°33 and 36°36 per cent of oxygen. Show that these figures 
illustrate the law of multiple proportions. AU India H. S. 1971. 
13. A metal is found to give two oxides 3 on heating one gm 
of each in a current of hydrogen 0°798 ; 0'889 gms of metal were 
obtained. Show that the results are in agreement with the law 
of multiple proportions. West Bengal Adn. T. E. E. 1974. 
14. Heating different oxides of lead in a current of Hydro- 
gen, following results were obtained: (i) 1'393 gms of litharge 
gave 1293 gms of lead (ii) 2'173 gms of lead peroxide gave 1°882 
gms of lead. (iii) 1°712 gms of red lead gave 1°552 gms of lead, 
Show that the results are in agreement with the law of multiple 
proportions. West Bengal H. S. 1974 (Comp). 
15. A metal has three oxides. One gm of each of them on 
reduction gave 0°928, 0'906 and 0'866 gm of metal respectively. 
Show that the results are in agreement with the law of multiple 
proportions, W. B. H. S. (Comp.) 1975. 
16. Three oxides of lead contained 92°85%, 90'63% and 
86'51% of lead respectively. Shaw that these percentages are in 
accordance with the law of multiple proportions. 
West Bengal H. S. Tech. 1974. W. B. H. S. 1977. 


17.. A metal is found to give two oxides, on heating one 
gramme of each in a current of hydrogen, 0'798 and 0'888 
grammes of the metal were obtained. Show that the results are 
in agreement with the law of multiple proportions. 

West Bengal Adn. T. E. (Medical) 1978. 

18. 1 gm hydrogen combines with 8 gms of oxygen to form 
water ; 2 gm hydrogen combine with 32 gms of sulphur to form 
sulphuretted hydrogen, and sulphur and oxygen combine in the 
R ofl:lor2:3. Show that these results are in agreement 
with the law of reciprocal proportions. Punjab. U. I. Sc. 1961. 

19. 014 gm of an element A combines with 0'16 gm of an 
element B ; also 0'05 gm of another element C combines with 
0'35 gm of A. Again, it is found that 0'2857 gm of C combines 
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with 2'2857 gms of B. Show that these figures illustrate the law 
of equivalent proportions. Delhi. H. S: 1967. 

20. A metal (X) has two chlorides containing respectively 
44'1% and 34°5% of x. Calculate the weight of (x) which combines 
with 35°5 gms of chlorine in each compound. Bombay. U. 1965. 
Ans. 28; 18698. 

21. 2°45 gms of KClO, yielded 1:49 gm of KCI and 672 ml 
of oxygen at N.T.P. These data are in accordance with which 


law ? 
22. Water is 11'2% hydrogen and 88'8% oxygen; hydrogen 
peroxide is 5'93% hydrogen and 94'07% oxygen. Show how 


these data illustrate the law of multiple proportions. 
Hyderabad I. Sc. 1974. 


23, On passing a stream of hydrogen gas over 2°173 gms of 
Litharge, 1'949 gms of lead peroxide and 2°315 gms of Red lead, 
2'017 gms, 1°688 gms and 2'100 gms of Lead were left respec- 
tively. Show which law of chemical combination by weight 
do these data satisfy. W.B.d.E.E. 1977. Ans. Multiple 
proportion. 

24, Chlorine and oxygen form two different compounds. 
One of them contains 81'6% and the other contains 59°7% of 
chlorine by weight. State the law of chemical combination 
which is in agreement with this experiment. JJ7.B.H.S.C. 1979 
Ans, Law of multiple proportion. 

25. The percentage compositions by weight of four com? 
pounds are nitrogen 11.6, chlorine 88'4 (b) nitrogen 467, oxyse? 
53°3 (c) Oxygen 22°2, iron 77°8 (d) iron 441, chlorine 55'9. 
Show that these compositions are in accordance with the law 
of reciprocal proportions. 

26. A certain metal forms two chlorides which contain 85'2% 


and 658% of the metal. State the law with which the above 
Roorkee Adn. Test E: 1974. 


data are consistent. 
Ans. Law of multiple proportion. 


CHAPTER 7 


Problems on Chemical equation (weight to weight and weight 
to volume calculations). 

A chemical equation represents the relative weights of the 
Teactants and the products involving in the chemical reaction. 
Since 1 gm molecular weight of a gas occupies a volume of 22'4 
litres at S.T.P., the molecular formula of a gaseous substance 
also indicates 22°4 litres of it atS.T.P. as wellas one gm 
molecular weight of it. For example, the molecular formula CO2 
indicates 44 gms of carbon dioxide according to weight in gms 
and 22'4 litres of carbon dioxide at S. T. P by volume. 

Some important points on the procedure of calculation. 

(i) Write first a balanced equation for the relevant chemical 
reaction ; (ii) Write down the product of the molecular weight 
-and the number of moles of each relevant substance below its 
formula. These numbers written below the chemical formulae 
of various substances will indicate their relative weights ; (iii) 
Ifthe calculation involves volume, write down the product of 
.22°4 and the number of its moles below the molecular formula of 
the gaseous substance. The number will indicate the volume in 
litres of the substance at S. T. P. 

Solved problems on chemical equation based on weight to 
weight calculation. 

1. When a mixture of NaBr and NaCl is repeatedly digested 
with sulphuric acid, all the halogens are expelled and NagSO, is 
formed quantitatively. With a particular mixture it was found 
that the weight of NagSO, obtained was precisely the same as the 
weight of NaBr—NaCl mixture taken. Calculate the ratio of the 
weights of NaCl and NaBr in the mixture. 1.I.T. (Group A) 1970 

Equations for the relevant chemical reactions are given below. 

2NaBr+H2SO,>Na2SO, + 2HBr e (i) 

2(23+80)=206 gms 142 gms 


\ 
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2NaCl+H2SO,—>NaeSO.+2HCl oe (ii) 
117 gms 142 gms 
Let the amount of the mixture of NaBr and NaCl=1 gm. 
a gm is supposed to be the amount of NaBr in the mixture. 
amount of NaCl in the mixture=(1—a) gm and the total 
amount of NaSO, obtained in the above chemical reactions = 
lgm by the question. From quation (i); 206 gm NaBr yield 
142 gm Na,SO,. 
` 142a 
206 
From equation (ii), 117 gm NaCl yield 142 gm Na,SOg. 


(i= a) gm NaCl yields wee) gm NaeSO,. 


a gm NaBr yields gm Na2SQOxz. 


Total amount of NaSO, obtained = 14244 142(1—a). 


206 117 
; . 1424, 142(1—a)_ 
According to the question, 506 + iT T 


a=0°4 gm. Amount of NaBr=0'4 gm; amount of 
NaCl=(1—a) gm=(1-0'4) gm=0'6 gm. Ratio of the amounts 
of NaCl and NaBr in the mixture =0'6 : 0°4 
=% 0i 15x2: 1x2=3: 2. 
2. How much potassium permanganate and potassium 
dichromate would be needed to oxidise 1 gm mole of ferrous 
sulphate to ferric state in presence of acid? (K=39, Mn=55; 
Cr=52, Fe=56, O=16) Ranchi. University, 1970. 
One mole of ferrous sulphate transfers only one electron in 
the reaction ; hence its equivalent weight is equal to its molecular 
weight i.e. lgm mole of ferrous sulphate=1 gm equivalent of 
ferrous sulphate because i 


molecular weight 
number of electron transferred 


equivalent weight= 


5 ol. wt 
Here, equivalent weight of ferrous sulphate = mo- Wt g 
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Fe?*—e->Fe5+ (one electron transferred). 

(ferrous) (ferric) 

Again, 1gm equivalent of ferrous sulphate is oxidised to 
ferric state in presence of acid by 1 gm equivalent of potassium 
permanganate (an oxidising agent) and by 1 gm equivalent of 
potassium dichromate (an oxidising agent) by the law of equiva- 
lent proportions. Hence, amount of potassium permanganate as 
well as dichromate needed=1 gm eq wt. 


Equivalent wt of K,Cr,0, = mol. wt of KaCreOr as 

K,CraOq=2K3* +Cr,0,2- ; 

Cr307?7+14H1+ 4 6e->2Cr3++4+7H,O (Sixelectron transferred) 
1 gm equivalent of K2Cr207 =24 49 gms. 


Equivalent weight of KMnO, 


= molecular weight of KMnO, ae 
5 


KMnO,=K'*++MnoO,!- ; Mn0,417+8H1+-++5e->Mn?2* 
+4H,0O (five electron transferred) 


1 gm equivalent of KMn0,=98= 316 gms. 


Here, ferrous sulphate is oxidised and at the same time pota- 
ssium dichromate and potassium permanganate are reduced. 

3. 25°4 gms of iodine and 14:2 gms of chlorine are made to 
Teact completely to yielda mixture of ICI and ICla. Calculate 
the ratio of the moles of ICI and ICI; formed, 

I. I. T (Group B) 1970. 

I, + 2Cla—->ICl + ICI, 

l mole 2moles 1 mole 1 mole 

[ At wt of iodine=127 3 at wt of chlorine =35'5 ] 

25'4 
Bxjo7 Tole 


14:2 l 
35532 U0 
1 mole of iodine=2 atoms of iodine ; 1 mole of chlorine 


=2 atoms of chlorine and number of moles=—_Wt__ 
mol, wt. 
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Number of moles of ICI formed due to 254 
2X127 
= according to above equation. 


mole of iodine 


: mole iodine=1 mole ICI. 


Number of moles of ICI, formed due to spy mole of iodine 
=, according to the equation mentioned above. 
‘,, 1 mole iodine=1 mole ICIg. 
14°2 
Number of moles of ICI formed due to 355x32 mole of 
chlorine= 5-089 1 mole chlorine =} mole ICI. 
‘Number of moles of IClg formed due to aes mole of chlorine 
_ 142 ood mm 
“355 xX2x3 . I mole chlorine=4 mole ICI. 
total number of moles of ICI formed due to iodine as 
well as chlorine= 224. qy and total number of moles 
2x127 ' 355x2x2 
of ICl formed due to iodine as well as chlorine 
T 142 
2x127 355x22x72 
Ratio of number of moles of ICI and ICI; formed 
25°4 14'°2 
2x 127 355x225. | 
25°4 14-2 Ea 


2x 127 +355 x2x2 

4. 1'84 gms of a mixture of CaCO; and MgCO; are strongly 
heated till no further loss ot weight takes place. The residue 
weighs 0°96 gm. Calculate the percentage composition of 
mixture. [ Mg—24 ; Ca—40 ; C—12 ; O—16 ] 

Calcutta University B. Sc. 1971, 1976 ; Ranchi University (Bihar) 

79; 
CaCOs > CaO + îCOs 


40+12+48 40+16 f 
=100 gms =56 gms (residue) 
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Let the amount of CaCO; in the mixture=a gm. 
the amount of MgCO; in the mixture =(1°84— a) gm. 
100 gm CaCO; on heating give off 56 gms of CaO as residue. 
56a 


a, ” ” » » "700" * ?” » n 
MgCO; > |JMgO + ¢CO,z 
24+-12+48 24+16 
=84 gms =40 gms (residue) 
84 gm MgCO; on heating give off 40 gms of MgO as residue. 
Eales 40(1°84—a) 
. (1°84 a) », ” » Ea ” » » 
Ka gm m+ L84 a) gm=0'96 gm by the question. 


a=] gm. Amt. of CaCO3=1 gm; amt. of MgCO, 
=(1'84—1) gm=0'84 gm. 


% of CaCO = 00X1 54'347 ; 


% of MgCO, =100 -54'347 = 45'653. 

N. B. Dolomite mainly contains CaCO, and MgCOs. 

5. How much MnO and how much hydrochloric acid 
containing 33% HCI, would be required to furnish chlorine 
necessary to convert 40 gms of KOH into chlorate and chloride ? 

Ranchi University, I971 ; Patna. U. 1976. 
6KOH + 3Clz > KCIO; + 5KCl + 3H,0 
6(39+16+1)  3(35°5+-35°5) Potassium — Potassium 
=6X56 gms =3x71gms_ chlorate chloride 

6X56 gms of KOH are converted into chlorate and chloride 
by combining with 3x71 gms of chlorine. 

., 40 gms of KOH are converted into chlorate and chloride 


by combining with oa = 25°357 gms of chlorine. 


MnO,+4HCI>MnCl.+ 4,Cle+2H,0 
87 gms 146 gms 71 gms 
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71 gm chlorine, obtained from 87 gm MnO% on reacting with 
HCl, 


25357, ta oaao =31.071 ,, 


99 e 
amount of MnO% required =31°071. 
Again, 71gm chlorine, obtained from 146 gm pure HCl on 
reacting with MnOg. 


25357) h » p 6X25 BDT 53-142, » 


According to the question, 33 gm pure HCl come from 


100 gm impure hydrochloric acid. 
52'142 gm pure HCI come from 100x922 158 gm. 


impure hydrochloric acid. Amount of 33% hydrochloric 
acid=158 gms. 

6. 5 gms of a mixture of potassium chloride and potassium 
chlorate on ignition left 4 gms of the chloride as residue, Find 
the percentage of potassium chlorate in the mixture, 

Ranchi University, 1974. 

Let the amount of potassium chlorate in the mixture be a 
gms. 2KCIO;~ | 2KCI+ $ 30. 

2X 122'5gms 2X745 gms 
2x 122'5 gm KClO; on ignition left 2x 745 gm KCl. 


2x74'5a 
a ” ” ” ” » Ox 1225" 7° 


a) gm+(5—a)gm=4 gm by the question. 
a=2'551 gms; % of KCIOg=2 94% 10 =51°02, 


7. A mixture of FeO and FesO, hie heated in air toa 


constant weight, gains 5% in its weight. Find the composition of 
the initial mixture. IIT. (Group A) 1978. 


Amount of initial mixture (say)=100 gms. Let the amount 


of FeO in the mixture=X gms. 6FeO+ Og =2FesgOn 
9 
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6(56+16)=432 2(56x3+16x 4)=464 


<.” X gm FeO yield 2X -1.074K gm FesO,. 


Hence, 1074X +100- X =105. X=67°56 gms. 
percentage of FeO in the initial mixture=67°56 and 
percentage of Fe3O4 in the initial mixture = 100 — 67°56 = 3244. 

Solved problems on chemical equation based on weight to volume 
calculation. 

8. How much ammonia by weight and volume at 20°C and 
750 mm will be obtained from 8'5 gms of sodium nitrate when 
the latter is heated with zinc and sodium hydroxide solution ? 

Ranchi University Pre. U. 1965 ; 1969. 
NaNO,+4Zn+7NaOH> t NH3+4Na 2[ZnO2g|+2H,0 
23414416x%3=85 gms 17 gms (22°4 litres at N.T.P) 

85 gms of NaNOg on heating with Zn and NaOH 


yield 17 gm NH3. 
ds bey 17xX85_,. 
jn, SD no” » ” » ” ” -85 =17 » » 


Again, 85 gm NaNO; on heating with Zn and NaOH 
yield 22°4 lit NH, at N.T.P. 


. r 22°4x 8" 
creme StL. » » » » 22X85 224 » o» 
We have, PoV oam PiVA ; 
To 1 
; 1x224 750 r 
pi 273 “760 V+ +: Vi=243°615 lit. 
273+20 


9. What will be the proportion of SO, at N.T.P. when 10 gms 
of Cu and 10 gms of S are separately treated with conc. HgSOs 
_ (Cu=63; S=32)? West Bengal Engineering Admission test. 
E. 1969. 
Cu+2H250;4->CuS0; +2H20+S02 
63 gms 22°4 litre at N.T.P. 
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63 gm Cu on treatment with conc, HgSO, produce 
22°4 lit. SO, at N.T.P. 


` 224X 
-. 10 gm ” ” ” » » LL » o» 
S+2H,SO,>3SO2+2H20 
32 gms (3X 22'4) litres at N.T.P. 


` 32 gm S on treatment with conc. HgSOx, yield 
(3 x 22°4) lit. SOS at N.T.P, 
10” ” » » » 3xrrdx 10 ean 


Proportion of SOx, evolved at N.T.P. in two different reactions 


224x10 
63 32 s 32 189 ' 

EE 82239: O E E GNS 

3x274x10 "189 32° 3271: 5906 


32 
10. What volume of air containing 21% oxygen by volume 
is required to burn 1000 gms of sulphur containing 4% non- 
combustible matter. West Bengal E. Adn. T. E. 1971. 
According to the question, 100 gm S contain 4 gm non 
combustible matter. 
4x 1000 
100 
*, amount of combustible sulphur =960 gm. 
[*.* 1000-40=960] 


1000 ” Gi =40 gm,» 


S+O, > SOs 
32 gms 22°4 litres at N. T. P. 
32 gm S combine with 22°4 lit. Oxygen at N. T. P. 
»» » 22°4 x 960 _ > re 
960 S30 a 672 
Now, 21 cc oxygen remain in 100 cc air at N. T. P. 


*, 6721000 cc” ” 100 x 672000 
2 


=3200 litres of air at N. T, P. 
11, Oxygen obtained by heating 12°25 gms of potassium 


chlorate is passed over 5 gm pure, dry and heated carbon. A part 
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of carbon burns to carbon dioxide. What is the volume of-this 
‘CO, formed at 27°C and 750 mm pressure and what is the weight 
of residual carbon ? Assume that no carbon monoxide is formed. 


(K—39, C1—35'5, O—16) Calcutta University B.Sc., 1972. 
2KClIOg >} 2KCl + 4302 
145 gms 96 gms 


i 96 x 12°25 
145 


=8'11 gms of oxygen. 


12°25 gm KCIOg on decomposition give off 


C + Os. => COg 
12 gms 32gms 22'4 litres at N. T. P. 
32 gm oxygen combine with 12 gm carbon 
8'11 » 2 12x81 3-041 gm carbon. 
Residual amount of carbon = 5—3'041=1°959 gms. 
32 gm oxygen produce 22'4 litre carbon dioxide at N.T.P. 
811 » » 224x811 =5'677 » » 
32 
yy 
We aves PoVo _P1Va i 1x5'677_760° 
To Ti 273 2734+27 
Vı=6'321 lits. 
-a Vı=Volume of carbondioxide at 750 mm pressure at 
27°C =6'321 litres. 
12. 5°08 gms of iodine held in suspension in water are slowly 
acted upon by 460 cc of sulphuretted hydrogen measured at 


N. T. P. What weight of sulphur will be liberated ? 5127 
$=32) 3A. 


Ranchi University, 1973A. 
I, + HS > 2HI + S 


254 gms 22'4 lits at N. T. P. 32 gms 
.. 5'08 gm iodine combine with 224x508x100 


=448 cc HS at N. T. P. 
Excess of HgS=460 cc — 448 cc=12 cc. 
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254 gm iodine displace 32 gm S from H35. 
5 , » p eresenibin n 
5108 254 =064gm,, » 
Amount of S, liberated=0°64 gm. 

13. One gm of a mixture of CaCOg and MgCO; gives 240 cc 
of CO, at N. T. P. Calculate the percentage composition of the 
mixture. Kurukshetra. U. 1967; Ranchi. U. 1975A ; W. Bengal 
Adn. T. E. (Medical) 1978. 

CaCO; >)CaO + T COs 
100 gms 22400 cc at N. T. P. 
Let the amount of CaCO; in the mixture=a gm. 
the amount of MgCO; in the mixture =(1— a) gm. 
100gm CaCO; on heating give off 22400cc CO» at N.T.P. 


à n » » : 22400a PED 
aha 14 gives off 100 5 


MgCO; >} MgO + 4COz 
84 gms 22400 cc at N. T. P. 
84 gm MgCO; on heating give off 22400 cc CO% at N.T.P. 


(1-a) gm » » gives oft ae) » » 


ae cc + 22400012) cc=240 cc at N.T.P. by the question. 


a=0°6249 gm. Amount of CaCO; =0'6249 gm; amount 
of MgCO,=(1—0°6249) gm=0'3751 gm. 

% of CaCO, = 100% 06240 62:49 ; 

% of MgCO,=100—62°49=37°51, 

14. A dilute solution of sulphuric acid contains 65% of the 
acid by weight and its density is 1'55. Calculate the volume of 
hydrogen liberated at 27°C and 750 mm pressure when 750 gms 
of zinc mixed with one litre of this solution. (Zn=65) 

W. Bengal H. S. 1975. 
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100 gm dilute sulphuric acid contain 65 gm H250, 
by the question. - 
» 65x 1000 x 1'55 
100 
=1007:5@ teem 


rae OOO X LES |. o E 


ii ity = 2™mount . 4s- _ amount 

: desi eolie Fils) 1000 

“^ amount of dilute sulphuric acid =1000 x 1°55 gms. 

We have, Zn + H50, =) ZnSO4 $ t Hə i 
65 gms 98 gms 22'4 litres at N. T. P. 


65 gm Zn react with 98 gm HSO, 
750” 2 » » 28x750 1130769 ” ”, 


This amount of HSO, is greater than that of the given 
amount (10075), 
Again, 98 gm H3SO4 react with 65 gm Zn. 


S. 10075 o 9 65x 10075 668'239 gm Zn. 

This amount (668'239) has been completely reacted with 
1007°5 gms of H3SO4. 

«+ amount of Zn remains unreacted =750 gms — 668'239 gms 
81'761 gms. 

Now, 98 gm HSO, yield 22'4 litre hydrogen at N.T.P. 
22'4 x 10075 99.596 


1007°5 ae PATS 


750 
1x 230'285 760 V, 
273 2773+27 
15. A sample of gaseous hydrocarbon occupying 1'12 litres 


at N.T.P, when completely burnt in air produced 2'2 gms of COg 
and 1'8 gms of H.O. Calculate the weight of the compound 


e Vy =256'434 lits. 
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taken and the volume of Og at N.T.P required for its burning. 


Find the molecular formula of the hydrocarbon. 
I.I. T. (group A) 1978. 


44 gm COg contain 12 gm carbon. 


22gm ” ” 12X22. 06 gm carbon. 
18 gm H,O contain 2 gm hydrogen. 
Sey? p 2x18 02 gm hydrogen. 


We have, PV=nRT ; 1X112=nx 0°0821 x 273. 
,", n=0'0499 mole. 


So, 0:0499 mole hydrocarbon contains oe atom of carbon and 


o2 atom of hydrogen. ‘.' at. wt of C=12; at. wt of H=1. 


h 0'6 
1 mole hydrocarbon contains [2x 0°0499 1 atom of 


0'2 = 
carbon and 9049974 atoms of ‘hydrogen. 


Molecular formula of hydrocarbon is therefore CHg. 

20'4 litre CH, (methane) at N.T.P weigh 16 gms. 

16x112 
22°4 


112 ” ” » » » =0'8 gm 


"+ 1m mole CH,=16 gms ; molecular weight of CH4 =16. 
We know, CH4+202>CO2+2H.O0 
16 gms 2% 22°4 lits at N.T.P. 
16 gm CH4 combine with 44°8 litre oxygen at N.T.P. 
» 448X08 
16 
= 2'24 litre oxygen at N.T.P. 


0°83” ” combines 


Problems for practice 
1. How much iron can be theoretically obtained by the 
reduction of 1K gm of Fe,O;. Delhi. U. Pre. Medical. 1961, 
Ans. 700 gms; 
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2. A mixture of sodium iodide and sodium chloride gave 
with sulphuric acid, sodium sulphate equal to the weight of the 
original mixture taken, Fied the Percentage composition of the 
mixture. Punjab. U. I. Sc. 1962. 

Ans. %NaIl=28'85 ; %NaCl=71'15. 

3. Hydrogen is generated by the action of steam on hot 
Magnesium. Calculate the weight of magnesium that will be 
required to produce just sufficient hydrogen to combine with all 
the oxygen that can be obtained by the complete decomposition 
of 24'5 gms of KCIO3. Delhi H. S. 1966. Ans. 24°33 gms. 

4. What minimum weight of water is needed to slake 1 kg 
of quicklime, assuming no loss of evaporation ? 

Senior Cambridge. 1966, Ans, 11°25 gms. 

5. One gm of | a miture of KCI and NaCl on treatment with 
excess of AgNO, gave 2 gms of AgCI. What was the percentage 
composition of the two salts in the original mixture ? Punjab. U. 
Intermediate Science. 1969, Ans. %NaCl= 48°50 3 %KCl=51'50. 


6. What weight of calcium oxide will be formed on heating 
19°3 gms of calcium carbonate. All India H. S. 1971. | 

Ans. 10°80 gms. 

7. One litre of an acidified solution of KMnO? containing 

15°8 gms of KMnO; is decolourised by passing sufficient amount 

of SOs. If the SO, is produced by roasting of iron pyrites 

(FeS2), «what will be the amount of pyrites required to produce 
the necessary amount of SOg? I.I. T. (group A). 1974, 

Ans. 15 gms. 

8. Calculate the weight of lime (CaO) that can be prepared 

by heating 200 kg of lime stone (CaCQg) which is 95% pure. 

(C=12, O=16, Ca=40) Z.I, 7. (group B) 1975, Ans, 1064 kg. 


9. How much of oxygen is there in 10 gms of potassium 


chlorate? (K=39; C1=35'5) West Bengal H. S.C. (vocational). 
1978. Ans. 3'98 gms. 
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10. Calculate how much of acetic acid is obtained by 
oxidation of 8 gms of ethyl alcohol. Hyderabad I. Sc. 1976. 
Ans. 10°4348 gms. 
[ Hint. C,H,OH+0,=CH;COOH+H,0. ] 
11. Igniting MnOg in air converts it quantitatively to Mn,Ox,. 
A sample of pyrolusite is of the following composition : MnOg, 
80% ; SiO, and other inert constituents, 15% ; rest being water. 
The sample is ignited in air to constant weight. What is the 
percentage of Mn in the ignited sample? I. I. T. (group A) 1978 
[3MnO;->Mn04 +02] Ans. 593%. 
12. What volume of the gaseous product measured at 
750mm pressure and 17°C will be obtained by heating 0°8 gm of 
ammonium nitrate ? Ans. 241Icc. 
13. How much marble of 90% purity would be required to 
prepare 4'5 litres of COs at N.T.P when the marble is acted upon 
by dilute hydrochloric acid? Agra. U. Pre. Medical. 1967. 
Ans. 22°32 gms. 
14. What volume of oxygen measured at S. T. P will be 


obtained by heating 0'85 gm of sodium nitrate ? Bombay. U. 1967. 
Ans. 0'112 litre. 


I 

15. Brass is an alloy of copper and zinc. A sample of brass 
weighing 5'793 gm when, treated with an excess of dilute 
sulphuric acid gives 324 ml. of dry hydrogen at 20°C and 750 mm 
pressure. What is the percentage by weight of copper in the 
alloy? I. I. T. (GP. B) 1968. %Zn=14'975 ; %Cu=85'025, 

16. 10 gms of a mixture of ferrous sulphide and iron gave 
on treatment with dilute sulphuric acid 3°36 litres of mixed gases 
at N.T.P, Find the percentage composition of the mixture. 
(Fe=56, $=32) Ranchi. U. 1963, 1969A. 

Ans, %FeS=43°8 ; %Fe=56'2. 

17. 20°95 litres of nitrous oxide at 17°C and 770 mm pressure 
What is the weight of 500cc of this gas at 


weigh 3°93 gms. W 
NTP. ? West Bengal Joint Entrance. E. 1971. Ans. 0°0983 gm. 
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18.. One gm of an alloy of aluminium and magnesium reacts: 
with excess hydrochloric acid to form aluminium chloride,. 
magnesium chloride and hydrogen. The hydrogen, collected over 
mercury at 0°C, occupied 1200 ml at 699 mm Hg. What is the 
composition of the alloy ? J. I. T. (Gp. B). 1971. 

Ans. %Al=5477 ; %Mg=45'23. 

19. How much sulphuric acid would be needed to neutralise 
ammonia produced from 107 gms of pure NH4Cl? What would 
be the volume of ammonia, if liberated and collected at 37°C and’ 
760 mm and if the vapour tension of the liquid over which 

ammonia is collected be 2'3 mm? Ranchi. U. Pre. U. 1971 Sup. 
Ans. 98 gms; 51°02 litres.. 

20. What volume of carbon dioxide gas will be evolved at 

N.T.P by heating 7 3 gms of Mg (HCO3)2? Punjab H. S. 1972. 
Ans. 2°24 litres. 

21. -What weight of pure MnO, will be required to produce 
100 liters of Clg at 37°C and 750 mm pressure by reaction with 
excess HCI? (At. wt of Mn=55). West Bengal Joint Entrance 
E. 1974. Ans, 348°784 gms.. 

22. How many gms of calcium carbonate will be required 
for reacting with excess of dilute hydrochloric acid to liberate 
560 cc carbon dioxide at N.T.P ? [Ca=40; C=12] West 
Bengal H. S. Tech. 1975. 

23. How many litres of oxygen at N.T.P are required to 
burn completely 2'2 gms of propane, CaHs ? [ At. wt: H=1, 
C=12] I.1.T. (Gp. B) 1976. Ans. 5'6 litres. 

24. How much of pure calcium carbonate and hydrochloric 
acid solution containing 22% of the acid by weight are required 
to give one litre of carbon dioxide gas at 27°C and 760 mm 
pressure ? How much of pure carbon will be needed to produce 
the same amount of carbon dioxide ? (Ca=40, Cl=35'5) West: 
Bengal H. S. 1976. Ans. 4:0625 gm CaCO; ; 13°48 gm 22% HCl. 

25. How much Potassium chlorate will be tequired to yield. 
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123 cc Oxygen at 27°C and 760 mm pressure. (K=39, Cl=35'5, 
O=16) West Bengal H. S. 1977. Ans. 0°2415 gm. 

26. What will be the volume in cc of 8 gms of oxygen at 
N. T. P.? West Bengal H. S. C. (Vocational) 1978. Ans, 5559 cc. 

27. What weight of hydrogen peroxide labelled ‘12 volumes’ 
will be necessary to have 4360 cc of dry oxygen at 10°C and 500 
mm pressure? Ans. 8'397 gms. Hints. ‘12 volumes’ means 1 cc 
of H203 gives 12 cc Oxygen at S. T. P. 

28. What volume of dry carbon dioxide measured at 27°C 
and 750 mm pressure is liberated, when 250 gms of pure calcium 
carbonate is treated with excess of L.ydrochloric acid. Hyderabad. 
I, Sc. 1973. Ans, 647°3 cc. - 

29. The hydrogen liberated by the reaction of 0°8 gm of Mg 
with dil H SO4 was collected over water in the laboratory at 
27°C and 756 mm pressure. ` Find its volume. Hyderabad. I. Sc. 
1975. Ans. 854°5 cc. 

30, Calcium carbonate decomposes according to the equation 
CaCO,>CaO+COxg. How much of CaCO, is required to be 
decomposed to give CO, which compressed ina cylinder at 5 
atmosphere pressure at 18°C occupies. Hyderabad. I. Sc. 1976- 
Ans. 100 gms. Hints. Use PV=RT for 1 mole COg. Find out ‘V’. 

31. On heating 4°90 gm KClOg shows a weight loss of 0°384 
gm. What percentage of original KCIOg has decomposed 7 
Calculate the volume of oxygen liberated at N. T. P. 
Ans. 92°44% ; 1'244 lit. Hyderabad. 1974. 

32.° Oxygen liberated by heating 0°02 mole of potassium. 
chlorate is passed over 0'2 gm atom of pure, dry and heated, 
carbon. A portion of carbon burns to carbon dioxide. What is. 
the volume of this carbon dioxide formed at 27°C and 750 mm 
pressure, and what is the weight of residual carbon? Assume 
that no carbon monoxide is produced during the reaction and the 
whole of the liberated oxygen took part in the reation. [K=39, 
Cl=35'5] Calcutta U. B. Sc. 1977. 
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Problem is solved on the basis of molar concept 
2KCIO, -> 2KCl +4302 
2 mole KClO, produce 3 moles of oxygen 
37, 002 p produces 4x 0°02=0'03 mole of oxygen 
Oz aR Cc => CO2 
lmole lgmatom 22°4 lit. 
1 mole O, combines with 1 gm atom C 


i 0°03 ” » » 0°03 yr 
Residual carbon in gm atom=0'2—0°03=0117. 
W » in gms =0°17x12=1°44 gms 


‘: 1gm atom C=12 gms. 
1 mole Og yields in combination with C, 22'4 litre CO, at N.T.P. 


903 14 + » » » »  » 224x003=0672 ,, ,, 
7509 
PoVon PaVa or 1% 0672 760 
We have, To T; or 573 573537 


V1, =0°748 lit at 27°C and 750 mm pressure. 

Try to solve without molar corcept. 

33. 3gms of a mixture of anhydrous sodium carbonate and 
sodiumbicarbonate lost 0°348 gm on heating. Calculate the % of 
anhydrous carbonate in the mixture. [Na=23; C=12; O=16]. 

Magadh U. 1973A ; Ranchi U. 1963A, 1974A. Ans. 68°56%. 

34. For the preparation of FeS, 3 parts of iron filings are 

heated with 2 parts of S. The product from such a process is 


found to contain 60% of FeS. Calculate the compn. of the 


product. Ranchi U. 1976A. Ans. 60% FeS ; 18'2% S 3 21'8% Fe. 

35. Calculate the wt of ammonium chloride required to give 
10 litres of ammonia gas, measured at N. T. P. Bhagalpur U. 
1974A. Ans. 23°88. 

36. Calculate the wt of KCIO which when heated will 
liberate enough oxygen to react completely with, hydrogen 
obtained by the action of dil HS0; on 6'5 gms of zinc. [K= 
39; Cl=35'5 ; O=16 ; Zn=65'5] Ranchi. U. 1974S. Ans. 4'052. 
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37. What weight of KCIOg will be required to get 5 gms of 


oxygen? R. U. 19755. Ans. 1276. 
38. Calculate the amount of Na required to liberate 2240 ml 
hydrogen from water at N. T. P. L. N. M. U. 1974A. 


7 Ans. 46 gms. 

39, A miztùre of KCl and NaCl was analysed and it was. 
found that 0°654 gm of the mixture gave 1°465 gm AgCI. Find 
the percentage composition. Bombay 1972 ; Pat. U. 1970. 

40. State the reaction of sodium carbonate with dilute 
hydrochloric acid, and with the help of a chemical equation, find 
the equivalent weight of sodium carbonate. [Na=23] W. B. H. 
SiGul979. Ans, 53, 

41. (a) When the same amount of zinc is treated separately 
with excess of sulphuric acid and excess of sodium hydroxide, 
the ratio of volumes of hydrogen evolved is (a) 1:1 (b) 1:2 
(c) 2:1 (d) 9:4. : 

(b) 2°76 gm silver carbonate on being strongly heated yield 
a residue weighing (a) 2°16 gms (b) 2'48 gms (c) 2°32 gms 
(d) 2°64gms. I. I. T. 1979. [AgeCOs>Ag20+CO2] 

42, (a) How many molecules of hydrogen are liberated by 
the reaction of 1gm of magnesium with excess of sulphuric 
acid? (b) What is the volume of 1 gm of hydrogen at N. T. P. ? 
W. B. H. S. C. (Vocational) 1979. Ans. 25095x10°1 ; 11'2 lits. 

43. In the analysis of 0'500 g sample of feldspar, a mixture of 
the chlorides of sodium and potassium is obtained, which weighs 
0'1180 g. Subsequent treatment of the mixed chlorides with 
silver nitrate gives 0°2451 g of silver chloride. What is the 
percentage of sodium oxide and potassium oxide in feldspar? 
I. 1. 7.1979. Ans. 0°434 ; 14371. 

44, Calculate moles of oxygen gas required for producing 
[At. wt Mg=24] W. B.J. E, E. (Tc) 


400 g of magnesium oxide. 
Ans. 5 moles. 


1979. 
45. A2gm sample containing NaCO; and NaHCO; loses 


0248 gm. When heated to 300°C, the temperature at which 
NaHCO; decomposes to NaaCOs, CO, and water. What is the 


percentage of NaCO; in the mixture ? fate P1977; 
Ans. 664%. 


CHAPTER 8 
Problems on Eudiometry (volume to volume calculations) 


Eudiometry refers to only those chemical reactions in which 
gaseous reactants as well as products are involved in volume 
Proportion under the same conditions of pressure and tempera- 
ture (vide ; Gay Lussac’s law). As for illustration, in the sulphur 
trioxide formation 1 volume of oxygen gas combines with 2 
volumes of sulphur dioxide gas to yield 2'volumes of sulphur 
trioxide gas under the same conditions of temperature and 

‘pressure. The relation by volume amongst reactants and product 
is1:2:2. Although according to Avogadro’s hypothesis, gm 
molecular volume of all gases at S. T. P. is 22°4 litres, it is simply 
taken as volume for 22°4 litres. In solving problems a liquid 
or a solid is supposed to occupy negligible volume as compared 
with that of a gas, is considered. 

The general procedure of calculations : 

(i) Write a balanced equation for the relevant reaction ; 

(ii) Write down volume or volumes beneath each of the 


Teactants and products, 
Some simple examples are given below to explain the facts 


mentioned so far. 


(A) (i) 2H, (gas) + Op (gas) =2H, O (steam) ; 


2 volumes 1 volume 2 volumes 


Contraction ; temp>100°C. 
1 volume 


Volume of oxygen=volume of contraction ; volumes of hydro- 
gen and steam=twice the contraction. 
Gi) 2H2 (g) + Os (g) = 2H,0 (l); 
2 volumes 1 volume 0 volume 


Conrtaction ; temp<100°C. 
3 volumes 


Volume of oxygen=4 rd of the contraction ; Volume of hy- 
‘ drogen= 4 rd of the contraction. 
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[ ‘2’ represents gaseous state and ‘P represents liquid state of a 
«compound or an element) 
(B) COs (gœ) + C (S) = 2CO (g); expansion 
l volume 0 volume 2 volumes 1 volume 
[“S” represents solid state of a compound or an element ] 


(C) 2CO (g) + Oo (g) = 2CO; (g); Contraction 


2volumes lvolume 2 volumes 1 volume 
(D) C (S) + Ox (g) = COs (g); Contraction 
0 volume lvolume 1 volume 0 volume 
(E) CHa (g) + 202 (g) = COs (e) + 2H20 (1); 
l volume 2volumes 1 volume 0 volume 
Contraction 
2 volumes 
{B) 2CaHa (g) + 502 (g) = 4COs (g) + 24,0 (l); 
2 volumes 5 volumes 4 volumes 0 volume 
Contraction 
3 volumes 
4G) CH4 (g) + 302 (g) = 2COs (g) + 2H.0 (l); 
1 volume 3 volumes 2 volumes 0 volume 
Contraction 
2 volumes 
(H) C Hs (propane gas) + 5Oa(g) = 3CO, (g) +4H20() ; 
l volume 5 volumes 3 volumes 0 volume 
Contraction 
3 volumes 
(I) Ne (g) + Os (g) = 2NO (g); Contraction 
lvolume 1 volume 2 volumes 0 volume 
(J) 2NO (g) + Os (g) = 2NOs (e); Contraction 
2 volumes 1 volume 2 volumes 1 volume 
(K) Ne (g) + 3Hə (g) = 2NHs (8); Contraction 
1 volume 3 volumes 2 volumes 2 volumes 
L) NO (e) + He (g) = Ni (@) + Ha0(); 
l volume 1 volume 1 volume 0 volume 


Contraction 
1 volume 
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(M) 2Na (S) + 2HCI (g) = 2NaCl (S) + He (e) 
0 volume 2 volumes 0 volume 1 volume 
Contraction 
1 volume 
(N) 2SOz (e) = 2S0, (g) + Oz (g); expansion 
2volume 2volumes 1 volume 1 volume 
In the gas analysis, different absorbents are used to remove 
gasese.g; (i) Caustic potash for CO% and other acid gases ; 
(ii) alkaline pyrogallate for O% ; (iii) dilute HSO, for NHs ; 
(iv) ammoniacal cuprous chloride solution for CO and C2H2 
(v) fuming H2SO, for moisture, CoH, etc. 
Molecular formulae of gaseous hydrocarbons 
Procedure: A known volume of the gaseous hydrocarbon 
is exploded with excess of oxygen. The immediate contraction 
on explosion and also the contraction on passing residual gas 
mixture through caustic patash are then noted down. Volume 
of CO; is known by 2nd contraction. 


Experimental result and calculation € 


1st method : 

lst contraction=(volume of gases before explosion)—(volume 

of gases after explosion). 

Or, lst contraction=(volume of hydrocarbon+volume of 
excess of oxygen taken)—(volume of CO2 produced+ 
volume of oxygen remains unused). 

Or, lst contraction=volume of hydrocarbon+ (volume of 
excess of oxygen taken—volume of oxygen remains 
unused)—volume of CO, produced. 

lst contraction=volume of hydrocarbon+volume of Oa 
used up— volume of CO% produced ( 2nd contraction Di 
2nd method : 


Let the molecular formula of hydrocarbon be CeHy. Where 
x and y represent the number of atoms of carbon and hydrogen 
respectively. The volume of hydrocarbon fired is supposed to 
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be Vy cc. First contraction= V i 
z =V}, cc. 2ad contraction=volu 
of COs produced = V; cc. R 


The relevant equation is written below : 


CoH (8)+ (+3) Oa(e)=2 COs) +3 1200) 5 
1 volume (« +3) volume x volume O volume (2+1) volume 


contraction V, cc (+3) Vy cco ANI ACCROC (2+1) Vice 


contraction. 
[ under the same conditions of pressure and temperature ] 


Ast contraction= t+1)Va cc or, Vecc= +1)v, cc 


or, Vea ZVatVa or, jVa= Vaga Of; Dae V 


2nd contraction=x Vicc jor, Vs cc=x Vi cc OT, 2238. 

Knowing the values of Va, Va and Vs from experiments, 
molecular formula of a gaseous hydrocarbon (compound having 
contained carbon and hydrogen only) is easily determined. 
Solved Problems : 

1. 12cc of a gaseous hydrocarbon are exploded with excess 
of oxygen. The contraction observed is 30 cc when treated 
with a solution of KOH there is a further contraction of 24 cc. 


What is the molecular formula of the hydrocarbon ? 
West Bengal Joint Entrance E. 1969, 73,74, 78, (Tech). 
Let the molecular formula of hydrocarbon be C,Hy. Where, 
x and y respresent the number of atoms of carbon and hydrogen 
respectively. Volume of hydrocarbon exploded=12 cc; first 
contraction=30 cc ; 2nd contraction=24 cc. 
— (volume of 1st contraction — volume of hydrocarbon exploded) x 4 
volume of hydrocarbon exploded 
— (30- 12)4_18x4_¢, 
gry. 12 
volume of 2nd contraction 
f hydrocarbon exploded 


or, 


x= 
volume o 


10 
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or, a= Bao, The molecular formula of the hydrocarbon 
is therefore CgHg. 

2. What volume of oxygen gas at S.T.P. is necessary for 
complete combustion of 20 litres of propane (CgHs) measured at 
27°C and 760 mm of Hg ? I.I.T. (Gp A) 1975. 

760 
= x20 
PoVo _ PV. 1x Vo _ 760 
h oVo_PiVa } OW 
SN ET Te 2732727 
or, Vo=18°2 litres. 
The relevant equation, CsH,(g)+500(g)>3 COs(g)+4 H0(1) 
1 volume 5 volumes (under the same 


conditions of temperature and pressure ). .*.. volume of Og at 
S.T.P. required for complete combustion=5 x 18'2=91 litres. 

3. 0°9 gm of a solid organic compound (molecular weight 90) 
containing C, H and O, was heated with oxygen corresponding 
toa volume 224 ml at S.T.P. After combustion the total volume 
of the gases was 560 ml at S.T.P. On treatment with KOH, the 
volume decreased to 112 ml. Determine the molecular formula 
of the compound. I.I.T. 1972. 


We have, CeHy0,(8)+ (2+ -4)O2(2) >xCOo(¢)+5H20(1) 
1 gm mole (i-+2-3) 22400 ml x.22400 ml O ml 


S “1 gm mole any gaseous substance occupies 22400 ml at 
liebe z 


alae 
“+ “99001 gm mole (Zx — 2) 22400.0:01 ml x.22400.0'O1ml. 


Volume of CO, formed at S.T.P,=560 ml —112 ml=448 ml 
ee %.22400.001=448 or, x-2, 
Volume of O; used at S.T.P.=224 ml—112 ml=112 ml 


“. (f+2-2) e2d00.001=110 
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Now, according to law of conservation of mass 


90+ (7+ -5)32=44x+218 


Or, 90+ (3. 54+2-2)32=44.2 +2.18 


yl 22 Gon aBy? 
Or, +5. 5+ 3242.32 5. 32 88 +3 . 18 


Or, 90-+(z—-3)3.32 +64- z.16=88+(z-3) 18°. ¥=2-3. 
Or, 90+16z—48+64—162=88+182—54 
Or, 106=34+18z Or, 18z=72 .°, z2=4, 


5=z-3 Or, ¥=4-3=1 «', y=2. 


Molecular formula of the solid organic compound is 
y therefore C.H2Q,. 

4. 25 ml. of oxygen are subjected to silent electric discharge 
and the volume of ozonised oxygen becomes 20 ml. What is the 
composition of the ozonised oxygen ? 

Volume of Og is supposed to be x ml. Volume of Og in the 
mixture is therefore (20—x) ml. We have, 20,=20,. 
According to the equation, 2 ml. O; produce 3 ml. O, under the 
same conditions of temperature and pressure, Therefore, x ml Og 
produce g x ml Og. So, volume of oxygen unused+volume of 
oxygen used into form ozone=(20— x) ml+3 xml. .', by the 
question (20= x) ml+§ x ml=25ml or, x=10ml. Volume of 
ozone=10 ml; volume of oxygen=(20-10) ml=10 ml. 

5. 100 cc of a mixture of nitrous and nitricoxide are slowly 
passed over red-hot copper. The resulting gas occupied a 
volume of 85 cc both measured under the same conditions of 
temperature and pressure ; 20 cc of oxygen were added to 
another 100 cc of the same mixture and the volume contracted 
in this case from 120 cc to 105 cc. Assuming that NO is conver- 
ted to NOg, find the composition of this 105 cc of gas mixture, 


Calcutta U. B, Sc. 1973, 


148 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Volume of NO is supposed to be x cc. Volume of N30 is 
therefore, (100— x) cc. We have the equations : 
(a) NO(g)+Cu(s)=CuO(s)+3 No(s) ; 


x CC x 
Bcc 


(6) NzO(g)-+Cu(s)= CuO(s)+No(g) 
(100—x)ce (100 — x)cc 


total volume of nitrogen produced=5cc + (100—x)cc. 


According to the question, 5 cc+(100 — x)cc =85 cc 


x=30 cc. 

100 cc mixture contain 30 cc NO and 70 cc N2O. 

In the second case we have, 2NO(g)-+ Oa(g)=2NO.(¢). 

30 cc NO combine with 15cc Og to form 30cc NOs. Volume 
of unused O2=20 cc—15 cc=5 cc; Volume of NOg=30 cc and 
volume of N,O=70 cc. 

6. Nitric oxide alone does not explode with hydrogen but 
does so when mixed with an equal volume of nitrous oxide. 
20 cc of each of these oxides mixed with 40 cc of hydrogen 
were exploded. All the hydrogen was used up and 30 cc of 
nitrogen produced. Find the molecular formula of nitric oxide, 
if that of nitrous oxide be N30. 

We have, NaO(g)+Ha(¢)=HO(!) + Na(¢)- 

+ 20 cc N20 on reacting with 20 cc Hg yield 20 cc No. 

Na formed from nitric oxide =(30—20)cc=10 cc. 

total volume of nitrogen produced =30 cc. Volume of 
He used by nitric oxide =(40— 20) cc=20 cc. As 20 cc He react 
with 10 cc Og, 20 cc nitric oxide contain 10 cc 0, and 10 cc Nz 
under the same conditions of temperature and pressure. 
<. dcce nitric oxide contains 4 cc Og and$cc Nə. Or, 1 mole 
nitric oxide contains 4 mole O> and 4 mole Ng. *. Oxygen 
and nitrogen are diatomic molecule. .°, formula of nitric oxide 


is NO. 
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7. 25 cc of marsh gas at S.T.P. are mixed up with 300 cc air 
at 300°K and 75 cm pressure and the mixture is fired by electric 
sparks, Find out the volume of the residual gas at S.T.P. Air 
contains 20% cxygen and 80% nitrogen by volume at S.T.P. 

To RG Bove = ayi S ar rz; 1% 500, 
= Volume of air at S.T.P. 269°4 cc of air contain therefore, 


20% 269°4 _ „a. : 
“On eva 53 88 cc Os and 80x 2694215 52 cc Na at S.T.P. 


Combustion of marsh gas is represented by the equation, 
CH4(g)+20(6)=2H20(1)+CO3(g). .. 25 cc marsh gas 
at S.T.P. react with 50 cc Oo and produce 25 cc COs. Volume 
of Og remains unreacted = (53'88 — 50) cc = 3'88 cc. 


'. the volume of the residual gas mixture=215'52 cc 
No+3°88 cc Oa +25 cc COg=244'4 cc at S.T.P. 


8. When 10 cc of a mixture of oxygen and nitrogen are mixed 
with 20 cc of hydrogen and exploded, then 21 cc ofa gas are left. 


Find out the percentage composition of the given mixture. 
Ranchi U. 1968, ’71. 


Volume of the mixture containing oxygen and nitrogen=10.cc ; 
Volume of the mixture after addition of hydrogen=30 cc ; 
Volume of the mixture after explosion=21 cc. .", Contraction 


where V o =269"4cc 


in volume=(30—21) cc=9cc. This contraction is considered 
only due to the formation of liquid water according to the follow- 


ing equation ; 3H»(g)+Oa(¢)>2H.O(). 
vols 1vol vo 


We have now known 4rd of the total contraction is the 
volume of oxygen used. Of course, possibility of occurring 
reaction of nitrogen with either hydrogen or oxygen is remote. 

*. Volume of oxygen in the mixture=4}x9=3 cc; volume 
of nitrogen=(10—3) cc=7 cc; % of Og=%,x100=30; 


of, of No= 72100 =70, 


9, Ifexcess of phosphorous is fired in 20 cc nitrous oxide, 
wnat volume of nitrogen will be produced under the conditions 
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of same temperature and pressure? If nitric oxide (20 cc) is 

utelised in lieu of nitrous oxide in the aforesaid experiment, 

what volume of nitrogen will be obtained ? 
2P(s)+5Nz20(g)>P 20 5(s)+5Na(g) ; 


20 cc 20 cc 
2P(s) +5NO(g)>P.0;(s) + 3Na(¢) 
20 cc 22 cc 


Volume of nitrogen produced in the 1st case=20 cc; in the 
2nd case =10 cc. 

10, A mixture of 20 cc of hydrogen and 10 cc of chlorine is 
allowed to expose over diffused sunlight until completion of the 
reaction. Find the volume of the mixture after the reaction is 

over. Ifthe vessel containing resulting mixture is left exposed 
to mercury and water separately. What volume of the liquids 
will rush in 7 
Ha(g)+Clo/g)->2HCl(g) ; 
10cc Wee 20cc 

Volume of the mixture after reaction =20 cc HC1+10 cc 

 Ha=30 cc. Occ Hg(l) and 20 cc H,O(l) rush in because 
this volume of HCI dissolves in water. 

11. 50cc ammonia is reacted with 15 cc chlorine. What 
will be the volume of the gas mixture after completion of the 
reaction? The resulting mixture is finally shaken with excess of 
dil H SO,. Find out the volume of the residual gas after 
absorption. 

8 NHa(e)+3 Clo(g)=Na(g)4+6NH,CIs) ; 

40 cc 15 cc 5 cc Occ 
Volume of the gas mixture after reaction 
=(50~ 40) cc NH3-+5 cc Na =15 cc. 
2NHa(g)+ H2SOF(1) = (NH4 )2S04 ($) ; 
10 cc 0 cc 0 cc 
Volume of the residual gas after obsorption =5 cc No. 
10 cc NH; get absorbed by dil H S04. 


°, 


PROBLEMS ON EUDIOMEIRY 151 


12. A 40 ml sample of a mixture of Hg and O; was placed in 
a gas burette at 18°C and latm pressure. A spark was applied 
so that the formation of water was complete. The remaining 
pure gas had a volume of 10 ml at 18°C and latm. Ifthe 
remaining gas was He, what was the initial mole percent of Ha 
in the mixture ? I.I.T. 1976, 
We have, 2Ha(g) + Oa(g) > 2H2O(g) contraction 


2 volume lvolume 0 volume 3 volume 
under same temp. and pr. 


Contraction in volume because of explosion=(40—10) a 
=30 ml, 


According to the above equation, 4rd. contraction = volume 
oxygen used=}x30ml=10 ml; 4rd contraction=volume of 
hydrogen used =3 x30 ml=20 ml. .'. 40 ml initial mixture contain 
(20+10) ml Hg and 10 ml Og. Initial mole percent of Hg in the 


gas mixture is therefore 30x 100 =75, 


13. 60 ml of a mixture of equal volume of chlorine and an 
oxide of chlorine was heated and then cooled back to the original 
temperature. The resulting gas mixture was found to havea 
volume of 75 ml. On treatment with NaOH solution the volume 
contracted to 15ml. Assuming that all measurements were 
made at the same temperature and pressure, deduce the simplest 
formula of the oxide of chlorine. I. I, T. 1972. 

Molecular formula of the oxide of chlorine is supposed 
to be ClOn. Before heating volume of Cly and ClnOn is 
30 ml separately. Contraction in volume=(75—15) ml=60 ml 
=total volume of Cl reacted with NaOH soln. Volume of 
Cle produced =(60—30) m!=30 ml. Residual volume of the gas 
after treatment with NaOH soln=15 ml=volume of oxygen 


evolved. As, ClnOn= 5 C+ Oa, 30 ml ClmO,(g) yield 30 ml 
Cla(g) and 15 ml O4(g) i.e., 1 ml ClmOn(g) yields 1ml Clo(g) and 
3 ml O,(g), ~. a or, m=2 ; 5-3 or, n=1. 


Molecular formula of the oxide of chlorine is therefore Cl,0. 
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14, Nine volumes of a gaseous mixture consisting of a gaseous 
organic compound A, and just sufficient amount of oxygen 
required for complete combustion yielded on burning 4 volumes 
of COs, 6 volumes of water vapour and 2 volumes of Ng, all 
volumes measured at the same temperature and pressure. If the 
compound A contained only carbon, hydrogen and nitrogen :— 
(i) How ‘many volumes of oxygen are required for complete 
combustion? (ii) What is the molecular formula of the 
compound A ? I.I. T. (Group A) 1974. 
_ Formula of the gaseous organic compound A is supposed to 
be C,HyN,. 


We have now, C-HyN.+ (x+2)02>xCOa(e) +} H,0(¢) 
+5Na(e) 
1 volume (<+3) volumes x volumes 5 volume 5 volume 
V volumes (9— V) volumes 4 volumes 6 volumes 2 volumes 
or, V volumes (=+3) V volumes Vx volumes 5 V volumes 
Z V volumes 
Vasali); a 6-(i); PY = 2 (ii), 


Dividing (i) by (ii) we get y=3x+»(iv). Dividing (i) by (iii) 
Wwe getx=z. (v). 


Sedin (+3) v=9-v or, Vv (24? +1)=9---(vi). 

Dividing (i) by (vi) we get y-+4=5x--(vii). Solving (iv), (v) 
and (vii) we get V=2; %=2; y=6; z=2. (i) volume of 
Oxygen used is therefore 9—2=7 and (ii) molecular formula of 
A is CaH,N,. 


15. One litre of mixture of CO and CO; is found to give 
1600 cc of COon being passed through a tube containing red- 
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hot charcoal both measured under the same conditions, calculate 
the composition of the mixture. West Bengal Joint Entrance 1970. 
Let the volume of CO=X cc. 
Volume of CO% in the mixture =(1000—X) cc. 
According to the equation, CO,(g)+C(s)=2CO(g) 5 
2(1000 — X) ce CO is formed. 
X cc+2(1000— X) cc=1600 cc or, X=400 ce. 
So, 1 litre mixture contains 400 cc CO and (1000-400) cc 
=600 cc CO3. 
16. What volume of oxygen would be required to burn 


completely a mixture of 40 ml of hydrogen sulphide and 60 ml of 
Bombay U. 1976. 


methane ? 
2H.S(g) +Oo(g)>2H.0+2S ; 
40 ml 20 ml 


CH,4(g)+200(g)>COa()+2H20 
60 ml 120 ml 

Volume of oxygen required for complete combustion=20 ml+ 
120 ml=140 ml. 

17. Ethylene is mixed with just sufficient nitrous oxide for 
complete reaction and exploded. If the volume of the gaseous 
product is 80 cc, find the volumes of ethylene and nitrous oxide 
under the same condition of pressure and temperature. 

We have, CoH,(g) +6N20(¢) =2COa(g) +2H20(1) +6Na(g) 

l volume 6 volumes 2 volumes 0 volume 6 volumes 

According to the equation, 2 volume CO, and 6 volume N, 
are produced. Volume of CO% is 3th of the total volume of the 
liberated gas mixture. ©. Volume of CO, formed =$ cc =20 cc, 

As 2 volume CO, have come from 1 volume C3H4 ; volume 
of CH, =% cc.=10 cc. Again, 1 volume CoH, combines with 
6 volume NO. .'. Volume of NgO=10X6 cc=60 cc. 

18. On passing electric spark through 10 cc ammonia taken 
meter tube the volume increased to 20 cc. The 


in an eudio 
h 30 cc oxygen and on cooling the 


resulting gas was exploded wit 
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volume was 27°5 cc. All volumes were measured under similar 

conditions of temperature and Pressure. Vapour density of 
ammonia is 8'5. Calculate its molecular formula. 

Rajasthan U. 1963. 

Let the molecular formula of ammonia be N,Hy assuming 

that ammonia contains only nitrogen and hydrogen. Where, 


x=number of atoms of nitrogen and y=number of atoms of 
hydrogen, 


We have, NHN, +5Ha 5 Hs +70.>35H20 


Wee 5xcc 5ycc 5ycc $y cc 
expansion in volume =(20—10) cc=(5x+5y—10) cc 
or, 10=5x+5y-10 or, x+y=4---(i) 
5x cc N$+unused O,=27'5 cc 
or, unused Og=(27°5—52) cc. 
Total volume of O, taken=30 cc 
used Og =(30—27'5+5x) cc 
Or, g9=25+5x or, 2x—y=—1+-4(ii) 
Solving (i) and (ii) we get x=1; y=3, 
Molecular formula of ammonia is therefore NH 3. This is 
further confirmed by the given vapour density of ammonia. 
"2X vapour density=mol. wt=2X 8'5=17; at wt of 
nitrogen=14 and at wt of hydrogen=1. 
19. 20 cc of a gas containing only hydrogen and sulphur is 


heated with tin, When the reaction was over, there was no 
change in volume. Residu 


al gas was hydrogen. If the molecular 
weight of the gas is 34 


» calculate its molecular formula. 
Rajasthan U. 1967. 
Let the molecular formula of the gas be H,S,. Where, x= 
panier Of atoms ot hydrogen and y=number of atoms of sulphur. 


We have, H.S,(@) +3 Sn(s}>2 SnSa(s)+5 Ha (e) 


20 cc 10x cc 
(10x - 20) cc=0 cc. 
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change in volume becomes nil according to the question. 
or, x=2. Now, 34=1.x+32y .'. y=. Formula is HeS.. 
20. 50 cc ofa gaseous mixture of H, and HCI was exposed 
to sodium amalgam. The volume decreased to 42'5 cc. If 100 cc 
of the same mixture is mixed with 50 cc of gaseous ammonia and 
then exposed to water, what will be the final volume 7? 
(All the volumes are measured at the same temperature and 
pressure) TRIT 1972 
Let the volume of hydrogen chloride gas (HCI) in the mixture 
become x cc. Volume of hydrogen in the mixture is therefore 
(5u—x) cc. Hydrogen chloride combines with sodium amalgam 
following the equation, 2Na(s)-+2HCI(g)=2NaCl(s) + Ha(g). 


According to the equation, x cc HCl yields Zcc Hə. 
So, total volume of hydrogen after reaction -(50-x+3)cc. 


By the question, (50-=+%) cc= 425 cc ~. x=15 cc. 


Now, 50 cc original gaseous mixture contain 15 cc HCl 
100 cc 2? X E R gag i 
This “30 cc HCl” combines with 30 cc NH to form 


anmonium chloride. So, 20 cc of ammonia remain unused. 20 ce 


ammonia dissolve in water. the residual gas mixture contain 


only hydrogen, volume of which is (50 — 15)2 cc =70 cc. 

or, (100—30) cc=70 ce. 

21, A sample of coal gas contained 45%H, 30%CH4, 20%CO 
and 5% CHo. 100cc of it were mixed with 160 cc of Og and 
exploded. Calculate the volume and composition of the resulting 
mixture (all being dry gases). Ranchi U. 1973. 
2H, (g) + Oo()>2H2O(s) ; CHa(g) +202(¢)>COa(g)+2H2O(g) 
45 cc 22'5cc 45cc 30 cc 60 cc 30cc 60 cc 
2CO(g)+ Oo(g)>2COa(¢); 2CoHa(g)+ 500(¢)>4COa(g) +2 20(¢) 
20cc 10cc 20cc 5 cc 12 icc® L0icce5ice 
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Volume of oxygen used = 22'5 cc+60 cc+10 cc+12'5 cc 
=105 cc; 
volume of oxygen taken=160 cc; volume of oxygen unused 
=(160—105) cc=55 cc; volume of water vapour=45 cc+60 cc 
+5 cc=110 cc and volume of COg=30cc+20 cc+10 cc=60 cc. 


Problems for practice : 


1. 50 cc of a mixture of CO, CQg, He and 20 cc of Og at 
R. T. P. were exploded. The volume after explosion measured 
at the original R, T. P. was 37 cc and after treatment with KOH, 
volume was3cc, Calculate the composition of original mixture 
by volume. Ranchi U. Pre. U. 1966. Ans. 18 cc CO ; 16 cc COs ; 
lo cc He. 

2. A mixture of marsh gas (methane) and acetylene require 
22 cc of oxygen for complete combustion and yield 14 cc COs. 
Find the volume of marsh gas and acetylene. Ans. 6 cc marsh 
gas ; 4 cc acetylene. 

3. 20cc of a mixture of CO, CH, and N, exploded with 
excess of oxygen, gave a contraction of 13 cc ; there was a further 
contraction of 14 cc when the residual gas was treated with 
KOH. What was the composition of the gas mixture ? Ans. vol of 
CH, =4 cc ; vol of CO=10 ce ; vol of Na=6 cc. 

Bihar U. 1960 ; Ranchi U. 1969. 

4. 30cc of a mixture of CO and CH3 were mixed with 
50 cc of Og in an eudiometer tube and fired. After cooling, the 
residual gases occupied 55 cc and after treatment with potash, 
the residual oxygen occupied 15cc. What was the volumetric 
composition of the mixture? Volumes were measured at N.T.P. 

Ranchi U. 1963. Ans. 666% CO ; 33°4% C2H3. 
100cc of an oxide of nitrogen yield 50 cc of nitrogen 
under the same conditions of pressure and temperature. The 
molecular weight of the oxide at R.T.P. is 46, What is its 
molecular formula? Ans. NOs. 


Sh 
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6. 15 cc ofa mixture of hydrogen and acetylene required 
19°5 cc of oxygen for complete combustion. Calculate the 
percentage composition of the mixture by volume. 

Punjab U. I. Sc. Supp. 1966. Ans. 60% He ; 40% C2Hs. 

7. When 60 cc of a mixture of nitrous oxide and nitric oxide 
were mixed with equal volume of pure hydrogen and exploded, 
38 cc of pure nitrogen were left. Calculate the volumetric 
composition of the original mixture. Ans. 16 cc N20 ; 44 cc NO. 

Ranchi U. 1965S. 

8. 40 cc of HeS are exploded with 100 cc of oxygen. (ii) If all 
the volumes, before and after, are measured at N. T. P. ; what 
is the volume composition of the resulting mixture? (ii) If all 
volumes are measured at 200°C and normal pressure, what is the 
volume composition of the resulting mixture ? 

Senior Cambridge 1966. Ans. (i) SOg=40 cc; Oo=40cc 
(ii) 40 cc SOs ; 40 cc Og; 40 cc steam. 

9. Calculate the percentage composition by volume of a 
mixture of CO and CH4, 10°5 cc of which requires 2cc of 
oxygen for complete combustion. Punjab U. I.Sc. 1966. Ans. 
76°19%CO ; 23°81%CH«. 

10. One volume of gaseous compound containing carbon, 
hydrogen and oxygen was burnt in the presence of 2'5 volumes 
of oxygen. On complete combustion the resultant gases contained 
2 volumes of steam and 2 volumes of carbon dioxide. All volumes 
were measured under identical conditions. What is the formula 
of the compound? J.1.T. 1966. Ans. CgH,0. 

11. A sample of gas was found to contain hydrogen, methane 
and carbon monoxide, 30 cc of this mixture was exploded in an 
eudiometer tube with 120 cc of oxygen. On cooling the resulting 
gas was found to be 102 cc. Absorption by caustic potash 
further reduced the volume by 15 cc. Calculate the percentage 
of the constituents in the mixture. Punjab Joint Entrance 1966. 


Ans. 50%Hq ; 40%CH, ; 10%CO. 
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12. 12 cc of a hydrocarbon were mixed with excess of oxygen 
in an eudiometer tube and exploded. There was a contraction of 
30 cc in volume of the gas mixture. On adding caustic potash 
solution there was a further contraction of 24 cc. All volumes 
were measured on dry gas basis at 25°C and under 760 mm 
pressure. What isthe formula of the hydrocarbon? Calcutta 
U. B. Sc. 1967. Ans. CoH. 

13. 24 ml of water gas, containing only hydrogen and carbon 
monoxide in equal proportions by volume, are exploded with 80 
ml of air, 20% by volume of which is oxygen. If all gaseous 
volumes are measured at room temperature and pressure, calculate 
the composition by volume of the resulting gaseous mixture ? 
Senior Cambridge 1967. Ans. 64 ml Ng; 4ml Og; 12 ml CO3. 

14. 20 cc of gaseous hydrocarbon was exploded with excess 
of oxygen in an eudiometer tube. On cooling, the volume of 
resultant gases was reduced by 50 cc. On further treatment 
with KOH soln there was a further contraction of 40 cc. 
Calculate the molecular formula of the hydrocarbon. 

Punjab Joint Entrance 1967. Ans. CoH. 

15. One litre of nitric Oxide at N. T. P. weighs 1°339 gm. 
‘One volume of nitrogen combines with one volume of oxygen 
forming two volumes of nitric oxide. Find the molecular formula 
of nitric oxide. Ranchi U. Pre. U. 1268S. Ans. NO. 

16. 20 cc of a gaseous hydrocarbon are exploded with excess 
of Os. The contraction observed is 30 cc. When treated with 

E solution of KOH, there is a further contraction of 40 cc. What 
is the formula of the gas? Ranchi U. 1970. Ans. CHo. 

17. 10) cc of a mixture of carbon monoxide, methane and 
hydrogen when mixed with 300 cc of oxygen and fired. After 
cooling, the resulting gases occupied 285 cc and after absorption 
by potash 205 cc of oxygen remained. Determine the composition 
of the mixture. All the gases were measured under same 
temperature and pressure, West Bengal Joint Entrance 1971. 

Ans. 20 cc He 3,50 cc COg and 30 ce CHi. 
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18. 10 cc ofa gaseous hydrocarbon is exploded with an 
excess of Og, when there is a contraction of 20 cc. On absorption 
with KOH, there is a further contraction of 20 cc. Find the 
molecular formula of the hydrocarbon. Ranchi U. I. Sc. 19725. 
Ans. C2H4. 

19. 500cc of a hydrocarbon gas burnt in excess oxygen 
yields 2500 cc of carbon dioxide and 3 litres of water vapour, all 
the volumes being measured at the same temperature and 
presure. What is the formula of the hydrocarbon gas ? 

I.I. T. (Gp. B) 1974. Ans: Cs Hio. 

20. 10 cc of carbon monoxide are exploded with 20 cc of 
oxygen in an eudiometer over mercury. What volume of the 
gas is left and what is its composition ? Ranchi U. 1974S. 

Ans. 25 cc; 10 cc COs ; 15 cc unused Oa. 

21. 32ccofa mixture of carbon monoxide, methane and 
‘hydrogen were mixed with 50 cc oxygen and exploded. After 
cooling to room temperature, the volume was noted. The volume 
was reduced by 22 cc, when exposed to potassium hydroxide 
solution, leaving 16 cc of excess oxygen, Calculate the composi- 
tion of the mixture. West Bengal Joint Entrance 1975. 

Ans. 12 cc CH4 ; 10 cc CO; 10 cc Hg. 


22, Ten ml of a gaseous hydrocarbon was burnt completely 

in 80 ml of Og at N. T. P. The remaining gas occupied 70 ml 

at N. T. P. This volume became 50 ml on treatment with KOH 
solution. What is the empirical formula of the hydrocarbon ? 

I. I. T. (Gp. A) 1976. Ans C3H4. 


23. 20 cc of a gaseous hydrocarbon were exploded with 66 cc 
of oxygen. Residual gases after cooling occupied 56 cc. On 
treatment with KOH the volume decreased to 16cc. The 
remaining gas was oxygen only. What is the molecular formula 


of the hydrocarbon ? 
West Bengal Joint Entrance 1976. Ans, CoH,. 
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24. A certain volume of a gaseous mixture of CO and CH4 
was mixed with 5 ml of Hz and excess of Og in an eudiometer 
and exploded. The contraction in volume was found to be 26 
ml. It was then treated with KOH soln and a further contraction 
of 11°5 ml was observed. Volumes of properly dried gases at 
each stage was measured at N. T. P. Calculate the composition 
of the given gaseous mixture. Calcutta U, B. Sc. 1977 Ans. 3 mk 
CO ; 8'5 ml CH4. 

25. 24cc ofa mixture of methane and ethane were exploded 
with 90 cc of oxygen. After cooling to room temperature, the 
volume of gas was noted. It was found to decrease by 32 cc 
when treated with caustic potash solution. Calculate the 
camposition of the mixture. W. B. J.E. E. 1977 Ans. CHs= 
16 cc; CoHg=8 cc. 

26. 100 mlof water gas (CO+He) containing some carbon- 
dioxide was exploded with 100 ml of oxygen and the volume 
after explosion was 100 ml. On introducing sodium hydroxide the 
volume was reduced to 52°5 ml. State the reactions involved and 
find out the percentage composition of the mixture. 

Patna U. 1969 A. Ans 42°5 ml CO ; 52'5 ml He; 

27. 40 cc ofa mixture of hydrogen, methane and nitrogen 
was exploded with 10 cc of oxygen. After cooling, the residual 
gas measured 365 cc, On treatment with caustic potash, the 
volume diminished to 33°5 cc and on treatment with alkaline 

pyrogallol to 32 cc. Calculate the percentage composition of the 
original mixture. Ranchi U. ; Magad U. 1967. Ans. 12'°5%Ho» + 
75%CH, ; 80%Na. 

28, 10 cc of a hydrocarbon was mixed with 70 cc of oxygen 
and the mixture, sparked. The volume after explosion was 55 cc 
and this was reduced to 35 cc by treatment with caustic potash 
solution, all volumes being measured at the same temperature 


and pressure. Deduce the molecular formula of the gas. 
‘Ranchi U. 1964 A; 1974 A. Ans CoHe. 


5 ml COz- 
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29. A sample of coal gas has the following composition ¢ 
hydrogen=50%, methane=35%, nitrogen=2%, ethylene=5%, 
carbon monoxide =8%. Calculate the volume of air required for 
the combustion of 1 litre of this mixture, assuming that air 
contains 20% of oxygen by volume and all the gases have been 
measured under the same condition of temperature and pressure., 

Patna U. 1970A. Ans. 58 litres. 

30. 9 ml of oxygen is required for complete combustion of 
10°5 ml of a mixture of carbon monoxide and methane. Calculate: 
the percentage by volume of each in the original mixture. 

Bhagalpur U. 1975S. Ans. 76°19%CO ; 23'81% CH4. 


31. When 15 cc of a mixture of oxygen and nitrogen mixed: 
with 30 ml of hydrogen at 25°C and exploded, 27 ml of gas is left 
on cooling to 25°C. Find out the percentage composition of 
mixture. Ranchi U. 1975A. Ans. 40%Og ; 60%Na. 


32, 5 cc ofa hydrocarbon gas are exploded with an excess. 
of oxygen. The contraction in volume is found to be 10 cc. It 
is then treated with KOH soln and a further contraction of 10 cc 
is observed. Deduce the molecular formula of the hydrocarbon.. 


Ranchi U. 1972 ; L.N.M.U. 1975A. Ans. CaHy. 


33, 60 cc of a mixture of CO and Hg yielded 20 cc of COs 


after explosion with excess of Oz. What is the percentage of 


CO in the mixture. Patna U. 1973. Ans. 33°33. 


34, 15 cc of NH, are completely decomposed by eletric 
sparks in an eudiometer tube, 40 cc of Og added and the mixed 
te the gases present before and after explosion 


gases exploded. Sta 
Mag. U. 1975. Ans. Na». 


and determine composition in volume. 
Ha, Oo; No, Oo; 7'5 cc, 22°5 cc 5 7°5 cc, 28°75 cc. 

35. Establish the formula of marsh gas from the given data = 
Vol of gas taken=10 cc ; Vol of Og added=25 -cc; Vol after 
explosion=15 cc and vol. after NaOH treatment=5 cc. 

` Cuttack °71, CH4. 


11 
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36. 40 cc of Hg is added to a mixture of 20 cc each of nitric 
and nitrous oxide are exploded. The residual volume which is 
30 cc, contains only nitrogen. Find out the formula for nitric 
oxide if that of nitrous oxide is NO. Ranchi U. 1978. Ans. NO. 

37. 20 ml of a gaseous hydrocarbon was exploded with 
oxygen avoiding excess. On cooling, the volume was found to 
be 60ml. The vapour density of the hydrocarbon is 22. Find 
the molecular formula of the hydrocarbon. 

W. B. J. E. E. (Tc). 1979. 

[ Hint. 20X=60; X=3=no of atoms of carbon. 12X+Y= 
22x2 2. Y=8. Formula of CxHy is C3Hs. ] 

38. 5 ml of a gas containing only carbon and hydrogen were 
mixed with an excess of oxygen (30 ml) and the mixture exploded 
by means of an electric spark. After the explosion, the volume 
of the mixed gases remaining was 25 ml. On adding a concentrated 
solution of potassium hydroxide, the volume further diminished 
to 15 ml, the residual gas being pure oxygen. All volumes have 
been reduced to N. T. P. Calculate the molecular formula of the 
hydrocarbon gas. I.I. 7.1979. Ans. CHa. 

39. Ten ml. of a gaseous organic compound containing C, H 
and O only, was mixed with 100 ml of O> and exploded under 
Conditions which allowed the water formed to condense. The 
volume of the gas after explosion was 90 ml. On treatment 
With potash solution a further contraction in volume of 20 ml 

was observed. Giyen that the vapour density of the compound 
is 23, deduce the molecular formula. All volume measurements 
were carried out under the same conditions. 
I. 1.2. 1977. Ans. CgH,0. 

40. A sample of gaseous hydrocarbon occupying 1'12 litres 
at N. T. P., when completely burnt in air produced 2'2g of COs 
and 1°8g of H2O, Calculate the weight of the compound taken 
and the volume of Og at NoT.P. required for its burning. 
Find the molecular formula of the hydrocarbon. I. I.T. 1978. 
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[ Hints. CxHy4 (x+2]O.- xCO2 +3 Ha0O. Vol. of 22 g of 

co,=224x22 112 lit. at. N. T. P) Voll of 18\p of H.O 
~ 224X18_ 924 lit. at N. T. P. 


Vol. of COg=1'12x=112 .'. x=1. Vol. of H,O=1128 


=2°24; y=4. 
Roenulans CH? Vol. oO, used =112(v+2)=2'24 lit. at 
N. T. P. Wt. of 1°12 litres of CH4 at N. T. p.=16x12 os. | 


41. 12 ml of a gaseous hydrocarbon were mixed with 50 ml 
of oxygen in an eudiometer tube and exploded. After explosion 
and cooling the volume of the gas (mixture) was found tobe 
32ml. On adding KOH there was a further contraction of 
volume by 24 ml. Find out the molecular formula of the gas. 

Ravisankar U. 1978 (B. Sc.). Ans. CoH. 

42. 20 cc of a gaseous hydrocarbon was mixed with 80cc of 
a oxygen, and the mixture exploded. After explosion the volume 
was 60cc. The addition of KOH further reduced the volume to 
40cc. Find the molecular formula of the hydrocarbon. 

Ravisankar U. 1973 (B. Sc.). Ans. CH4. 

43. 30cc of a gaseous hydrocarbon was burnt in an excess of 
Os. After cooling the total volume, a contraction of 60 cc was 
observed. On treatment with KOH, it further suffered a 
contraction of 30cc. Determine the molecular formula of 
the hydrocarbon. Ranchi U. 1979. Ans. CH4. 


CHAPTER 9 


Problems on Thermochemistry : 


Thermochemistry is the branch of Physical Chemistry where 
study of heat effects accompanying chemical and associated 
physical changes is carried out. Processes, accompanied by the 
evolution of heat by the system are called exothermic and those, 
accompained by the absorptian of heat, called endothermic. 


Heat of reaction or heat change : 


Amount of heat either evolved or absorbed during a chemical 
reaction is termed as heat of reaction or heat change. The 
difference in the sum of the heat contents of the reactants from 
the sum of the heat contents of the reaction products at constant 
Pressure and definite temperature while every substance in a 
definite physical State is defined as the heat of reaction. 

Heat of Teaction=sum of heat content of the products—sum of 
heat content of the reactants., AH=<Hp—=Hr. Heat of 
evolution is denoted by—AH whereas heat absorption by+ AH. 
Heat of reaction at constant volume and that at constant pressure. 
In certain reactions, specially homogeneous gaseous reactions, 
volume is kept constant, Heat change accompanying such react- 
tions is called heat of reaction at constant volume, Qv or AUy, 
whereA Uy is the change in internal energy at constant yolume. 
While, heat change in reactions studied at constant pressure is 
where, AHp is the change in heat 
e at Constant pressure. Qp and Qv are 


Heat of formation : 
or absorbed per gm mol 
Constituent elements in 

Example : 


Tt is the amount of heat either evolved 
ecule of the substance formed out of its 
the specified state. 


f C+03=CO,+94,000 cals. Heat of formation of 
CO% is-+94,000 cals. or, AH= — 94,000 cals. 
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Heat of combustion: It is the quantity of heat evolved 
during the process of combustion of one gm molecule of the | 
compound in plenteous oxygen. Example? CH4+20,=CO, 
+2H,0+212'8K cals. 


Hean of combustion of methane is+212'8K cals or AH= -2128 
K cals. 


Heat of solution: Itis defined asthe quantity of heat either 
evolved or absorbed when one gm molecule of a solute is 
dissolved in plenteous quantity of a solvent so that on further 
dilution no more thermal effects are noted. When this stage of 
dilution is reached, symbol ‘aq’ or ‘Aq’ is used. Example: HCl 
+aq=HClaq+17,530 cals. AH=—-—17,530 cals. 

Heat of neutralisation: It is the amount of heat evolved 
during the neutralisation of a gm equivalent of an acid by a 
base. Heat of neutralisation of a strong acid and a strong base 
is found to be constant according to Hess, equal to 13°7K cals. 

Example: HCl+NaOH=NaCl+H,0O+13680 cals. Where, 


“13680 cals” is the amount of heat evolved during neutralisation 
reaction. 


or, H*t+Cl-+Na*+OH-+Na*+Cl-+H,0+13680 cals. 

or, H*+OH->H2,0+13680 cals. Hence, the heat of neu- 
tralisation is actually the heat of formation of a gm molecule of 
water from a gm ion of hydrogen and a gm ion of hydroxyl 
radical. But when a weak acid or a weak base gets neutralised, 
the heat of neutralisation changes remarkably from the value 
13°7K cals because of incomplete dissociation of weak electrolytes 
into ions. The concept of heat of ionization in place of heat of 
neutralisation must be introduced in that case. 

Heat of transition: The heat change occurred when a 
substance changes from one modification into another viz, 


heat change for «-sulphur into f-sulphur is known as heat 
of transition. 


Standard state of an element: The state at which an element 
exists at 25°C and 1 atm is called standard state of that element. 
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Laws of Thermochemistry : Ist law i.e., Laplace and Lavoisier 
law. The law states that heat of formation of a compound is 
equal to the heat of decomposition of the compound into its 
constituent elements with sign reversed. 

Example: If A+B>AB+X cals then AB>A+B — X cals. 

2nd law: Hess’s law of constant heat summation: The law 
states that whenever a chemical process is carried out in a step 
or, alternatively, in a variety of intermediate steps, total amount ` 
of heat evolved in the single step equals to sum of the heat 
evolved in the intermediate steps provided initial and final stages 
are the same in both cases. 

Example : (i) C-++-40,=CO+X cals. 

(i) CO+40,=CO,+Y cals. 

Alternatively, C+0O,=CO,+2Z cals. 

According to the law, Z=X +Y. 

N. B. Intrinsic or internal energy of any element is arbitarily 
taken as zero at constant temperature to solve numerical 
Problems. Heat contents of all elements in their standard states 
are also arbitarily taken to be zero. By convention, heat content 


of H*=0 ; heat content of OH-=heat content of HzO—heat of 
neutralisation, 


Solved problems : 


1. Heat of combustion of diamond at 25°C is 94,480 cals 
(evolution) and that of graphite at the same temperature is 
23000 evolution) Calculate. che-heat of conversio of 
diamond into graphite at 25°C, Calcutta U. 1959. 

C(diamond j+ O2le)>CO,(8)-+94,480 cals. 


C(eraphite) T O2(s)>CO.(g)+94,000 cals. 


B b i A ~ 
y subtraction ; idiamona) = C graphite) > 480 cals. 


C(diamond)> C Graphite) 480 cals. 
“. AH298= — 480 cals. 


or, 
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2. Calculate the heat of formation of sulphur trioxide from 
the following data ? 

(a) PbO+S+$02=PbSO,+165'6K cals. 

(b) PbO+H,SOq, 5H,0= PbSO, +6H,0+23°3K cals. 

(c) SO3+6H,O=H.2SO,, 5H,0+41 1K cals. 

Calcutta U. 1962; Patna U. 1967A ; Magadh U. 1977. 

Subtracting equation number (b) and (c) respectively from 

equation (a) we can write 
PbhO+S+$0, =PbSO,+165'6K cals 
—PbO-H,SO,, 5H,0= — PbSO, —6H 20 — 23'3K cals 
—SO;—6H,0 = —H,SOz, 5H20-41 1K cals 


S480, —SO,=165°6K cals—64°4K cals 

or, S+20,=SO,+101°2K cals. 

3. If the heat of neutralisation of CuO by HCI is 15,270 cats 
per mole of oxide and the heat of dilute solution of anhydrous 
CuCl, is 11,080 cals. Calculate the heat of formation of 
anhydrous CuCl, from its elements; given that the heat of 
formation of CuO is 37,160 cals, that of water is 68,360 cals and 
that of dilute HCI from Hg, Cle and water is 39,315 cals per 
mole. Calcutta U. 1964. 

From the question i 

Cu0+2HClaq= CuClgaq+H20+15,270 cals... G) 


CuCl +aq=CuCl,aqt 11,080 cals ooo (ii) 
Cu+40; =Cu0+37,160 cals 30 (iii) 
H,+40,—H.0+68,360 cals aaa) 
H2 +4Cl3 +aq=HClaq +39,315 cals e (v) 


(i) +üii)+2x(v)- (ii) = (iv) gives 

CuO +2HCl aq = CuClz.ag + H30 +15,270 cals. 
Cu+40, =Cu0+37,160 cals 

Het+Cle+aq= 2HClaq +78630 cals 
—CuClg—aq= — CuCleag — 11,080 cals 
—H,—102= - H20- 68,360 cals 


, Cu+Clg—CuCle=131,060 cals—79,440 cals 
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or, Cu+Cl.=CuCl,+51,620 cals 
The heat of formation of anhydrous cuprous chloride 
= —51,620 cals. 

4. Calculate the heat of formation of cane sugar from the 
following data : 

(a) C+Og=CO, ; AH=—94,000 cals. 

(b) 2H,+O,=2H,0 ; AH=—136,000 cals 

(c) Cy2H220,,+1202=12CO,+11H20 ; AH= —1,350,000 
cals. - Calcutta U. 1969. 

We have according to thè question, 

(a) C+0O=CO,+94,000 cals. 

(b) 2H3+0,=2H,0+136,000 cals. 

(©) CisH.2011+120,=12COz+11H,O +1,350,000 cals, 

12x (a)+44.x(b)—(C) gives, 

12€+1202=12CO2+1,128,000 cals. 

11H2 +4402 =11H.0+748,000 cals. 

> CisH.2011 -1202= —12C0, — 11H,O — 1,350,000 cals. 


12C+ 11H, +320, ~ C,2H220 11 =1,876000 cals— 
1,350,000 cals. 
or, 12C+11H4+320.=C,4H.20,, +526,000 cals. 
Hence, the heat of formation of cane sugar is 526,000 cals i.e. ; 
AH= — 526,000 cals, 

5. Given the following heats of reaction at 25°C : 
Cafla(e)+309(2)=2COq(g)-+2H,0(1), AH= —3337°3K cals. 
2Ha(8)+O2(¢)=2H0()), AH= —136°6K cals. 
2C aa (8) +7022) = 4C04(g)4+611,0(1), AH= —745°6K cals. 
Calculate AH for the reaction 
CoH4(8)+Ho(g)=C.H4(g) at 25°C, 

Bombay U. 1967 ; Calcutta U. 1971. 
Arranging 2nd equation as 


Ha(e)+402(g)=H,00), AH= gael =68°3K cal. 
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Adding up this equation with 1st equation 

CoHa(g)+He(¢) +302(g)=2CO2(g)+3H30(!) 

AH= —3337°3—68°3= — 3405'6K cals. From this equation 
and third equation, 

we can write, 

CoHa(e)+Ho(¢)+2CO2(g) +3H2O(1)+500(s) 

=C2H,(g)+3Z0o(g) +2CO2(g)+3H,O(1) 
AH =(372'8 —3405'6)K cals= —3032'8K cals. 

or, CoH4(s)-+He(s)=CoH,(g) 

6. Find out the heat of formation of anhydrous aluminium 
chloride from the following reactions. 

(1) 2AI+6HCI aq=Al,Cleaq+3H» +239760 cals. 

(2) He+Cl,=2HCI+ 44000 cals. 

(3) HCl+aq=HClaq+17315 cals. 

(4) AlgClg+aq=Al_Clgaq +153690 cals. 

Ranchi U. 1968A ; Rajasthan U. 1968 ; Vikram U. 1973. 

From equation (2) H(6HCl)= —3 x 44000 cals. ~ 

From equation (3) H(6HClaq)= —3 x 44000 cals—6 x 17315 

cals+6 aq. 

From equation (1) H(Al.Cl¢aq)= —3 x 44000 cals 

—6%17315 cals+6 aq — 239760 cals. 

From equation (4) H(Al,Cl,) =153690—3 x 44000 

— 6 x 17315 — 239760 +6aq. — aq. = — 321960 cals. 
ie H (Ala Cl6)=321960 cals. 

Where H & H, represent heat content & heat of formation 
respectively. It isto be pointed out that ‘aq’ term cancels each 
other it does not matter if one of them contains 6 molecules. 

7. The heats of combustion of rhombic sulphur and mono- 
clinic sulphur are 70960 and 71020 calories. Calculate the heat of 
transition of rhombic to monoclinic sulphur. Rajasthan U. 1971. 

S(chombic) + 022502 +70960 cals. a (i) 


S (monoclinic) tO2>SOs+71030 cals. (ii) 
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(i) — (ii) gives 
S(chombic) *S(moticelinic) +(70960 — 71030) cals. 


or S(chombic) ”S{monoclinic) ~70 cals. 


The heat of transition of rhombic to monoclinic sulphur 
=70 cals. (',' transition reaction is endothermic) 

8. Calculate the heat of formation of benzene having given 
that heats of combustion of benzene, carbon and hydrogen are 
754,300 cals, 94,380 cals and 68,780 cals respectively. 

Rajasthan U. 1970; Rai Shankar U. 1973. 

(a) CeH¢ +380. =6CO,+3H,0+754,300 cals. 

(b) C+Og=CO,+94,380 cals. 

(c) He+40.=H,0+ 68,380 cals 

6x (b)+3x (c)—(a) gives, 

6C+60, =6COz + 566,280 cals. 

3Ha +302 =3H20+ 205,140 cals. 

— CoH, -403 = —6CO3 —3H 0 — 754,300 cals 


=. 6C+3H, -C6H6 =771,420 cals— 754,300 cals. 

or, 6C+3H,= C6H6 +17,120 cals. 

Hence, the heat of formation of benzene is 17,120 cals 

ie, AH=— 17,120 cals. 

9. When one mole of liquid benzene is burnt completely in 
oxygen to form liquid water and carbondioxide, AH is— 7834K 


cal at 18°C, Calculate the heat of this reaction at constant 
volume at the Same temperature. 


Rajasthan U. 1969 ; Panjab U. 1971. | 
CoHe(l)+4POa(s) = 6CO9(g)4+341,0(1) +783'4K cal. | 
Here, An=ng—n, =6- = 3, 
Now, Qp = Qy+(An)RT. 

=783'4=Qv -$ x2x(273+18)=Qv -873 | 

Qv=873 - 783'4=89'6K cals: 

10. One mole of Napbthalene was burnt in oxygen gas at 

constant volume to give carbondioxide gas and water at 25°C. 
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The heat evolved in the reaction was found to be 1228'2K cal. 
Calculate the heat of combustion of Naphthalene at constant 
pressure. 

[R=0'002K cal./mole. degree] Rajasthan U. 1976. 

We have, Qp=Qv+(An)RT 

C: oHe(s)-+1209(g)>10C Dag) + 4H2O(!) +1228'2K cals. 

Qp= — 1228'2—2 x 0'002 x 298 

~o An=ng—n,=10-12=-2 

or, AHp=—1229'399K cals. 

11. Heats of combustion of hydrogen, carbon and methane at 
constant pressure at 27°C, are 68°3K cal, 940K cal. and 212°6K 
cal respectively Calculate the heat of formation of methane at 
constant volume at 27°C. Patna U. 1968; Panjab U. 19743 
Burdwan U. 1975 ; Calcutta U. 1977. 

(a) Het+#0.=H.O + 68'3K cals. 

(b) C+Og=CO2+94'0K cals. 

(c) CH4+202=CO2+2H20+212'6K cals. 

2x (a)+(b)—(c) give, 

2H_g+O.=2H,O+136'6K cals. 

C+O0,=CO.+94'0K cals. 

— CH, — 20; = — CO, —2H20 - 212'6K cals. 


C-+2H,=CH, +(1366 + 94°0—212°6)K cals. 

or, C+2H,=CH,+18K cals. 
Qp=Qv+(An)RT 

or, Qv=Qp-—(An RT. Here, An=1-—2=~—1. 
Qv=—18—1 x 0'002 x 300= — 18- 0'6= — 18°6K cals. 

12. From the following thermochemical equations, all of 
which refer to a temperature of 17°C at constant pressure, 
calculate the heat evolved in the polymerisation of acetylene to 
benzene (a)®at constant volume, and (b) at constant pressure, 

C+0,=CO,+96,960 cals ed (i) 
2H; +02=2H20(I)+136,720 cals hy (ii) 
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2C 6-H +1505 = 12CO,+6H (1) +1,598,700 cals (ii) 
2CH3 +503 =4CO, + 2H,O(!)+620,100 cals (iv) 
Behrampur U. 1970 

3x (iv)— (iii) gives, 

6C2H2+1502 = 12CO2+6H,O(I)+1860,300 cals. 
2CoHe +1503 =12CO, +6H,0(1)+ 1,598,700 cals. 
6C2Ha -2C gH, = 261,600 cals, 
or, 3CeH,=CgH, +130,800 cals, 
Hence, 


RA at 
the heat of polymerisation of acetylene to benzene 
constant pressure is 130,800. cals. 


Now, QP=Qv+(An)RT or, Qv=Qp- AnRT. 


Here, An=-— 2, Qy = — 130,800 +2 x 2x 290 


or, Qv=— 130,800 +1160= — 129,640 cals, 
13. Find out the heat of formation of CO at 17°C from the 
following reactions, M. U. 1976A ; diwaji 1970S ; Poona 1960. 
(i) C+O,=CO,+97000 cals 
Gi) CO+30,= CO, + 68000 cals. 
Let the heat of formation of CO be ‘X’ cals, 
Then, C+402=CO+X cals 
CO+40,=CO,+68000 cals 
ee 


C+0O,=CO,+x cals+68000 cals. 
Again, C+0,= CO, +97000 cals. 
Hence, X +68000 = 97000 

+. X=29000 cals, 


14. Calculate the heat of formation of NagO from the 
following data -— 


(1) Na+H,O(l)=NaOH +4H 2 +43200 cals, 
(2) NasO+H,O()) =2NaOH+63200 cals. 


(3) Ha +403 =H30(1) +68000 cals. 
2x1)+3)-2) give, 
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2Na+2H2O(l)=2NaOH=3He +2 x 43200 cals. 
Heti02 = H0(1) + 68000 cals. 
—Na.O-H,O()=-2Na0OH — 63200 cals. 
.. 2Na+402 = Na.O+(86400+68000— 63200) cals. 
Or, 2Na+30,.=Nag0+91200 cals. 

The heat of formation of NagO = — 91200 cals, 

15. The heat of neutralisation of a weak acid in normal 
solution by a strong alkali is 13,385 cals. Assuming that the 
acid is 14% dissociated in normal solution, calculate the heat of 
dissociation of the acid. If the acid were cent percent disso- 
ciated, the amount of heat evolved would be 13680 cals. 

Therefore the amount of heat (evolved) in the dissociation 
of 86% of the acid =13680—13385 = 295 cals. 

the amount of heat of dissociation per gm. 
— 205% 100 _ 343'0232 cals. 


equivalent = 


16. The heats of neutralisation of two acids HA and HB 
are 13,650 cals and 11,200 cals respectively. When 1 gm. 
equivalent of sodium hydroxide in dilute solution is added to a 
mixture of 1 gm. equivalent of HA and 1 gm. equivalent of HB, 
12,960 cals are evolved. Compare the strengths of the two 
acids, HA and HB. 

Let a fraction n gm. equivalent of the sodiumhydroxide get 
neutralised by the acid HA. 

Then -n HA+n NaOH-n NaA+nH,O+(nx13650) cals. 
Since there is only 1 gm. equivalent of NaOH, (1-n) gm. 
equivalent must get neutralised by the acid, HB. Therefore 


(1—n)HB +(1 —n)NaOH= (1 — n)NaB+ (1 — n)H,O 
+[(L=n) 11200] cals. 


But the apparent heat of the reaction is, 12,960 cals. 
(nx 13650) +[(1 — n) x (11200)]=12960 
n=0'72 and (1-n)=0'28, 
the strength of acid, HA_0'72_4..., 
Ba: the strength of acid, HB 0287 pA 
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17. For the reaction C (graphite)+40,=CO at 298°K and, 
latm, AH=-— 26416 cals, what is AE, if the molar volume of 


graphite is 0°0053 litres. You may assume ideal gas conditions. 
Punjab. U. 1975. 


P2Vo.o, LX Vi_1%0'0053 


We have, = l= 


Mom -z9 | OTS 298 
Orp: Vı=20053x 273 
; <, _0°0053 _ 273 
number of moles of C (graphite) 506 A 


Or, number of moles of C (graphite) = 00002168. 
Now, An=1—0°5—0'0002168 = 04997832205. 
Qp=Qv+0°5 x 2 x 298 =Qv+298 

Or, -—26416=Qv+298 or, Qv=-—26714 cals. 

WO Qv=AE .. AE=—26714 cals. 

18. When one mole of water at 100°C is converted into 
steam at a pressure of one atmosphere, 9720 calories of heat are 
absorbed, The molar volumes of water and steam are 18 and 


30,600 mls. respectively. Calculate AE of the process. 
: , Kurukshetra U. 1975. 
We have, Qp=Qv+ An RT. 
9720=Qv+ An RT. 


Now, An RT= py =2% (30600-18) x2 cals. 


1000 x 0 0821 
pH An RT=745 cals. |. Qv=9720—745=8975 cals. 
AE=8975 cals *.' Qy = AE= AUv=the change in internal 
energy at constant volume, [0:0821 lit. atm. =2 cals.] 


Bond energies and dissociation energies 
ae ee required to break a given bond in some specific 
is defined as the bond dissociation energy. It is a 
definite quantity. It depends on the presence of ‘other groups 
in a molecule. 
Example: The energy required to break O-H bond in 


water is 498KJ. Thus H—O—H (¢)>H(g)-+OH (g — 
; 498 KJ mol`}. 


—S 
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AHə98=498 KJ mol-?. Again, the energy required to 
break the O—H bond in hydroxyl group is 430 KJ mol-?. 

Thus O—H (g)>O (g)+H (g)—430 KJ mol71 

-. AH298 =430 KJ mol-2 

[Temperature is 25°C i.e., 298°K, considered] 

Hence, the bond dissociation energy of O—H linkage in water 
molecule is 498 KJ molet where as that ina hydroxyl group is 
only 430 KJ molt. The average of dissociation energies of a 
given bond in a series of different dissociating species, is known 
as bond energy. In case of diatomic molecules the bond energy 
and bond dissociation energies are identical where as it is different 
in case of polyatomic molecules. The O—H bond energy in water 
molecule is the average of the two bond dissociation energies. 


_498+430 _ A 
AHo—g= o la 464 KJ mol`}. 


Solved problems : 


1. O—H bond energy in methane 
As all the four C—H bonds in methane are equivalent, the 
average of the four bond dissociation energies would be equal to 
the C—H bond energy. 
C(g) +4H(g) > CHa(s) AHaos= ? 
Sublimation 
Data given: (i) C (graphite--———>C(g)AHo93=716°68KJ 


Dissociation 
Gi) #H(¢) ————> H(g) AHao3=217°97 KJ 


fusion 
(iii) C (graphite) +2H.(¢)——>CHy, (g)AHaog= —74'75 KJ 
Multiply equation (ii) by 4 then reverse this new equation and 
also reverse equation (i). Now combine these two new equations 
with equation (iii) to get. 
C (e) +4H (g)+CHi (g) 
AHaos = — 1663'31 KJ. 
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Thus, the average bond energy for C—H linkage is 
166334 
C-H 4 
2. Find the enthalpy of formation of H0 i.e, AH;. In 
this reaction the H—H bond (bond energy 433KJ ‘mol-1) and 
0=0 bond (bond energy 492 KJ mol`?) are broken and two O—H 
bonds (bond energy 464 KJ mole~2) are formed. 


Consider the reaction, Hy (g)+4 Oa (g)>H,0 (g) AHs= ? 
Given: (i) H} (s)>2H (g)—433 KJ mole71 

AH= +433 KJ mol`! 
(ii) 40.(s) > O (g)—*82 KJ mol 

AH= +246 KJ mol-+ 
(iii) 2 O—H (s) > 20 (g) + 2H (g)—2 x 464K] 

AH = +928 KJ mol`? 
or, 2O-H (g)—O (g) > 20 (g)—O (g)+2H (g)—928KJ 
or, H2O (g)>0 (g) + 2H (g)—928 KJ 
or O (g) +2H (s)->H,O (g)+928 KJ AH=—928 KJ mol“? 
Adding (i), (ii) and modified (iii) we get, 
Ha (¢)+3 Os (g)>H,O0(e) AH, =(433 +246—928) 
KJ mol~1=—249 KJ mol-?. 


3. Calculate the bond energy of HCI given that the H—H 
bond energy is 433 KJ mol-1, CI—Cl bond energy is 242 KJ 
molit and AH; for HCl is —91 KJ mole=1. 

G) Hy (s)>2H (g)—433 KJ AH=433 KJ mol-?. 

Gi) Cla (g) => 2C1 (¢)—249 KJ AH=242 KJ mol-+ 

Gi) H (e) + CI (e) > HCI (e) +QKJ AH=—QKJ mol"! 

or, 2H (g)+2C1 (g) > ac] (s)+ 2QKJ AH=—20Kj 

Adding (i), (ii) and modified (iii) we get, 

Ho (e) + Cle (e) > 2HC1 (g) AH= (433+ 242~20)KJ 

By the question, 433+ 24220 = —91x%2 


sig Q= 34242418 _ 


AH =415'8KJ, 


$34 =428'5 KJ mol-2 
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=50x0°5 cc (N)NaOH=25 cc (N)NaOH=volume of alkali 
taken. 

25 cc diluted final solution=14 cc 0°1(N) HgSO4 

=14x0'1 cc (N) HSO, 


250 cc diluted final soln=14x0 1x200 cc (N) 
HaS0O4=14 ce (N) H2504 =14 cc (N) NaOH 
= Volume of alkali unused. .*. Vol of alkali used = (25 — 14) cc 
(N)NaOH =11 cc (N)NaOH. Now, from the equation, 
2000 cc (N) NaOH =249 gm copper sulphate crystal (pure) 


11 cc (N) NaOH = 249% 111-3695 gm O o”, 


2000 
1'5 gm impure copper sulphate crystals contain 1°3695 gm pure 
coppersulphate 
100 ” 2 » » 1'3695 x 100 _ 91-3 23 


alg} 
The percentage of pure CuSO,,5H<O in the impure sample 
=91'3, 
19. A solution containing 10 cc of HSO, and HCI required . 
16 cc of N/8 NaOH soln. for complete neutralisation. 20 cc of 
the above acid soln. when treated with excess of BaClg soln gave 
0°3501 gm BaSO,. Find the weight of HCI present per litre of the 
above acid soln. West Bengal Joint Entrance Examination 1976. 
10 cc of HgSO, and HCl=16 cc N/8 NaOH 
= £ cc (N) NAOH=2 cc (N) NaOH. 
20 cc of HgSOy and HC1=4 cc (N) NaOH. 
Let the volume of (N) NaOH consumed by HeSO,=X cc ; 
volume of (N) NaOH consumed by HC1=(4—X) cc. 
We know, H,SO,+BaCl. =BaSO, +2HC1 
2000 cc (N) 233 gms ; 233 gm BaSO,, precipi- 


tatedout from 2000 cc (N) HgSOz, .°. 0°3501 gm BaSO,, preci- 
xX 0'350 
pitatedout from eI as ce (N) H,SO,. So, 3 cc (N) 


HS0, =3 cc (N) NaOH =X cc (N) NaOH. 
13 
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.. Volume of (N)NaOH consumed by HCI=(4—3) cc=1 cc. 
Now, 1 cc (N) NaOH=1 cc (N) HCI. 
Again, 1000 cc (N) HCI contain 36°5 gm. HCI. 


.. lec(N) HCI contains 365 =0: 0365 gm HCl. 


20 cc acid mixture contain 00365 gm HCl. 
1000 cc (L litre)” ” 010265 %1000 _ 1-825 gm HCl. 


20. At27°C, 4'125 gm of a saturated solution of a metal 
carbonate require 69 ml of a 0'25(N) HSO, soln for neutrali- 
sation. Find the solubility of the metal carbonate if its eq wt 
is 53. Bombay F. Y. Sc. 1975. 

69 ml 0:25 (N) HeSO,=69 ml 0°25 (N) metal carbonate 

=69x0°29 ml (N) metal carbonate=20°01 ml (N) metal 
carbonate. 


Now, 1000 ml (N) metal carbonate contain 53 gm metal 
carbonate 


fi 2 » » » » 53x 20'01 01 » 
20°01 7000 =1'06 À 


As, wt of metal carbonate saturated soln =4'125 gms ; 
wt of metal carbonate=1°06 gm. 

wt of water=4°125—1'060=3'065 gm. 
3'065 gm water contain 1'06 gm metal carbonate 


100gm č ” » 106% 100 _ 34:584 


~ 3065 — 
solubility = 34584. 

21. Upon heating a litre ofa N/2 HCI soln, 2°675 gms of 
hydrogen chloride are lost and the volume of the solution shrinks 
to 750 ml. Calculate (i) the normality of the resultant soln and 
(ii) the number of milliequivalents of HCl in 100 ml of the 
original soln. J.J.T. (Group A). 1975. 

(i) 1000 cc (N) HCI contain 36°5 gm HCl 


1000 cc (Ñ) ci contain °6518'25 gm HCI Initial 


amount of HCl=18'25 gms ; amount of HCI lost =2'675 gas. 
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amount of HCI remains unreacted 
=(18'25— 2'675) gms=15'575 gms, 
Volume of the resultant solution=750 ml. 
750 ml solution contain 15°575 gm HCl 


"1000 ml” » 15575x 1000 20°766 gm HCI =20-26 


gm. eq HCI1=0'5689gm eq HCI. 
Strength of the resultant soln=0'57(N). 
(ii) 1000 ml original hydrochloric acid soln contain } gm eq 


HCI. 
fe; » » » 3x 1000=500 milli eq HCI- 
100 » » » “500% 100 x100 _ 50 milli eq HCI. 


1000F 

22. An alkaline soln contains both NaOH and NasCO;. 
25 cc of this soln require for neutralisation 15 cc of 0'1 (N) HCl, 
when phenolphthalein is used as an indicator. But on adding 
methyl orange, the soln is found to be alkaline even now and 
requires 9 cc more of the same acid for complete neutralisation. 
Calculate the weights of NaOH and NaCO; in one litre of the 
alkaline soln. Bihar. U. 1967A, ’70A. 

_ In the first case of titration, phenolphthalein indicator detects 
the end point when all the NaOH and half of NagCOg are neu- 
tralised and at this point NagCOg is converted into NaHCO; 
which is not alkaline to phenolphthalein. 

Reactions: (i) NaOH+-HCl=NaCI+H,0O ; 

(ii) Na,CO3+HCl=NaHCO3+NaeCl. 

In the 2nd case of titration, methyl orange alters colour when 
all the NaOH and NaCO; are neutralised. 

Reactions: (i) NaOH+HCl=NaCi+H,0O ; 

(ii) NagCO3+2HCl=2NaCl+H,0+COg. (In the 2nd case, 
this reaction, NaHCOg+HCl=NaCl+H2,0+CO, also takes 
place) 

Volume of acid added in Ist titration=15 cc 0'1 (N) HCl=all 
the NaOH +half the NagCOg of the mixture. 
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Volume of acid added in 2nd titration =(15+9) cc 0°1(N)HCI 
=all the NaOH +all the NaCO; of the mixture. 
«^ 9cc 01 (N) HCl=half the NaCO, in the mixture, 

the amount of NaOH in 25 cc of the mixture 
=(15-9)=6 cc 0°1(N) 
HCI=6 cc 0'1 (N)NaOH =$ cc (N) NaAOH=0'6 cc (N)NaOH. 
1000 cc (N) NaOH soln contain 40 gm NaOH 


». 0'6 cc (N) NaOH soln contain 10X06 0-024 gm 
NaOH i.e., 25 cc mized alkali soln contain 0'024 gm NaOH. 
* 1000 cc mixed alkali soln contain o%1000 


=0'96 gm NaOH. 

The amount of NaCOs in 25 cc of the mixture 
=2%9 cc 0'1 (N) HCI 

=18 cc 0'1 (N) HCI=18 cc 0'1 (N) NaCO; soln 
=18x 0'1 cc (N) NaCO; soln, 

=]'8 cc of (N) NaCO; soln. 

1000 cc (N) NasCQs soln contain 53 gm NaCO}. 


*, 18 cc (N) NazgCOsz soln contain g 


1000 
=0'0954 gm NaCO}. 
ieu 25 cc mixed alkali soln contain 00954 gm NaCO; 
0'0954 x 1000 
Cee T A Coes zRONC 


=3'816 gm NazCOs. 

23. 0°3 gm of a mixture of ammonium chloride and sodium 
chloride was boiled with an excess of caustic soda solution and 
the liberated gas was absorbed in 100 cc of 0'112(N) sulphuric 
acid soln. The excess of the acid was neutralised by 40 cc of a 
solution of sodium carbonate containing 0°8215 sm of sodium 
carbonate per 100 cc of the soln, Find out the percentage of 
ammonium chloride in the mixture. Calcutta. U. 1970. 

Erom the last line of the question, 

100 cc NaCO; soln contain 0°8215 gm NaeCOg, 
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1000 cc NagCOz soln contain 08215x 1000 


= 8'215 gm NagCO,=82 215 


gm eq. 


NaCO, =0'155 gm eq ann 

Strength of sodium carbonate soln=0°155 (N). 

40 cc 0°155 (N) NagCO,=40 cc 0°155 (N) HoSO4 

= 40x 0'155 cc (N) HeSOx 

ee cc0"112(N) H2SO,. 

=53'26 cc 0°112 (N) HeSOx. 

Volume of acid reacted with ammonia 

=(100 —53'36) cc 0'112 (N) H,SO4 

= 46°64 cc 0'112 (N) H250,.2NH; + H2504 = (NH4)2S04. 

From the equation, 1000 cc (N) H2SO, react with 2274 litre 
NH3. 


<. 46°64 cc 0'112(N) H SO; react wit! 


=0'117 litre NH3. 

Let the amount of NH,Cl in the mixture=X gm. 

NH,CI+ NaOH=NH,+NaCl+H,.O ; 53°5 gm NH,Cl react- 
ing with NaOH produce a = NH;. ~. X gm NH,Cl 


Z litre NH3. 


h 22'4 X 46°64 x 0'112 
1000 


reacting with NaOH produces = 


ax 0117 or, X=0'279 gm; 0'3 gm mixture 


contains 272 X10003 gm NH,Cl. 


Percentage of ammonium chloride in the mixture is therefore 
93, 

24. lgm of a mixture consisting of equal number of moles 
of carbonates of two alkali metals, required 44°4 ml of 0°5(N) 
HCI for complete reaction. If the atomic weight of one of the 
metals is 7, find the atomic weight of the other metal. r 

I. 1. T, 1972, 
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X and Y are supposed to be the symbols of two alkalimetals, 

Let the atomic weight of Y be a. According to the question 
atomic weight of X=7. The valency of each alkali metal is 
taken as unity. The formulae of the carbonates are therefore 
Xə CO; and Y2CO3,. 

1000 ml (N) HCl=1gm eq caroonate=} gm mole carbonate. 

: 444x05 3 

+. 444 ml 0'5 (N) HCl= Ox 100070 0111 gm mole mixed 


carbonate. 


Again, number of gm moles of X2 CO, =number of gm moles 
of Y; Coj- Weight of XCO, in 1 gm mixture 
-au X74=0°4107 gm. 
mol wt of Xp CO3=2X7+60=74. Wt of Ye CO; in lgm 
mixture =1 — 0'4107 =0 5893 gm. Mol wt of Y CO3 =2a +60. 


a (2a +60) 201 o's893 Or, a=23 .*, atomic weight of 
Y=23. 


N. B. 1gm eq carbonate=eq wt of carbonate 
=Mol wt of carbonate _1 gm mole 
acidity 2 
Here, formula wt=molecular wt (say). 


=% gm mole carbonate. 


Problems for practice 


1. Calculate the molarity and molality of NaCl in a soln 
which contains 10% by wt of NaCl and has a density of 1°071 
gm/ml (mol. wt. of NaCl=58'5). Calcutta. U, B. Sc, 1972. 
Ans. 1'709 ; 1'595, 

2. Calculate the (i) molarity and (ii) molality of NaCO; in 
a soln of 25 gm Na2,CO3.10H,O in water, the volume of the 
Tesulting soln being 200 cc and its density 1'04 gm/cc (mol. wt. of 


NaeCO;.10H.O = 286), Calcutta. U. B. Sc. 1975. Ans. 0'437 
molar 3 0'4775 molal, 
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3. Calculate the molality, molarity and solute mole fraction 
in a 5% (wt/wt) aqueous soln (density = 1°04 gm/cc) of a substance 
of mol wt 25. Calcutta. U. B. Sc. 1977. Ans. molality=2'105 ; 
molarity =2°08 , mole fraction of solute =0°03652. 

4. What is the molarity and molality of a 13% soln (by wt) 
of sulphuric acid? Its density is 1'090 gm/ml. To what volume 
should 100 ml of this acid be diluted in order to prepare a 1°5(N) 
solution? I. J.T. 1978. Ans. 1'326 ; 1'216 ; 1769 cc. 

5. Conc HSO, has a density of 1°84 gm/cc at 25°C and it 
contains 98% of acid by wt. What volume of the concentrated 
acid should be used to prepare 1000 litres of 0'5 molar sulphuric. 
acid soln at 25°c ? I. I. T. 1971. Ans. 27°17 litres. 

6. Calculate the molarity of a concentrated solution of 
sulphuric acid which is labelled to be 98% sulphuric acid by wt 
and whose specific gravity is 1°84. I. I. T. (GPA) 1974. Ans. 18°4. 

7. 25ml of a soln of hydrochloric acid cont aining 7'3 gms of 
the acid per litre neutralised 30 ml of caustic soda soln, 20 ml of 
this alkali soln neutralised 24ml of a soln of sulphuric acid. 
Calculate the normality and strength of sulphuric acid. Delhi. 
H. S. 1972. Ans. 0°139 ; 6'811 gm/litre. 

8. Two litres of ammonia at 30°C and at 0'2 atm pressure 
neutralised 134ml of a soln of sulphuric acid. Calculate the nor- 
mality of the acid. J. I. T. 1978. Ans, 0°1199(N). 

9. To 50 ml of a soln of HCl, 25ml of 0'5 N NaOH soln 
were added. The remaining acid required 20 ml of 0'5 N 
NaCO for complete neutralisation. Calculate the normality 
of the acid soln. Bombay. F. Y. Sc. 1971. Ans. 0°45N. 

10. What volume of 6(N) NaOH is needed by 30 ml 4(N) 
HCl for neutralization? L. N. M. U.1974A. Ans. 20 ml. 

11. 5°3gms of anhydrous sodium carbonate is dissolved in 
water andthe volume is made up to one litre. 150 ml of this 
soln require 45 ml of a sulphuric acid soln for complete neutrali- 
sation. Calculate the strength of the acid. 

Calcutta. U. B. Sc. 1972. Ans. N/3. 
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12. 5 gms of Zn were placed ina litre of dil H.SO,. After 
all action has ceased, the excess of Zn remained weighed 1°75 gm. 
Find- the strength of sulphuric acid in terms of normality and 
also the volume of Hg liberated at 117°C and 380 mm. 

Ranchi, U. 1971. Ans. N/10 ; 3°2 litres. 

13, 22:7 ml of (1'1) N/10 NaCO; require 10°2 ml of a dilute 
soln of HSO, for neutralization, How much of water must be 
added to 400.ml of this acid soln to make it exactly N/10 ? 

L. N. M. U. 1973A. Ans. -579:2 ml. 

14. How many millilitres of concentrated sulphuric acid of 
specific gravity 1'84 containing 98% H SO, by wt are required to 
Prepare 200 ml of 0'5 (N) sulphuric acid ? I.I. T. 1976, 

Ans. 27174 ml. 

15. A sample of Na.CO3.H.O weighing 0°62 gm is added to 
100 ml of 0:1 (N) sulphuric acid soln. Will the resulting soln be 
acidic, basic or neutral? Z.I. T.1976. Ans. neutral or very 
feeble acidic due to CQs. 

16. 25cc of an alkali soln is mixed with 8cc of a 0°75 (N) acid 
soln and for complete neutralisation it further requires 15cc of a 
0°8 (N) acid soln, Find the strength of the given alkali soln. 

West Bengal J. E. E. 1975. Ans. 0°72(N). 

17. What is the volume of 0'05(N) HCI required to neutra- 
lise completely 40cc of 0°1(N) sodium hydroxide. 

Hyderabad. I.Sc. 1977. Ans, 80cc. 

18. 10cc of conc H2SO,4 (d=1'83) is diluted with water to 
form one litre of the soln. 10cc of this soln require 17°5cc of 
0°2(N) caustic soda soln for neutralisation. What was the per- 
centage of sulphuric acid in the acid ? West Bengal Y.S. 1975. 


Ans. 93°715. 
19. 10cc of conc H50; (sp. gr. 183) is diluted with water 


So as to make 1 L of the soln. 20 cc of this soln require 28 cc of 
0'25 N sodium carbonate soln. What was the percentage of acid 
in the conc sulphuric acid sample ? West Bengal H.S. 1974. 

Ans. 93715. 
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20. A laboratory bottle is labelled 12(N) HCl. How would 
you make from it 20cc of 3(N) HCI? West Bengal H. S. C. 1978. 
Ans, Take 5cc acid and add 15cc dist. water. 

21. 10cc of sulphuric acid (sp. gr= 1'85) were diluted with 
distilled water to one litre. 10cc of this soln required 34°65cc 
of decinormal NaOH soln for complete neutralisation. Calculate 
the percentage by wt of HSO; in the original acid. Ranchi. U. 
1969. Ans. 9172. 

22, 22cc of (N) HSO, neutralise 20°6cc KOH soln. How 
much water must be added to 1 litre of the latter to make it 
exactly N/2? West Bengal J. E. E. 1971. Ans. 1134cc or 
1134 litre, 

23. 20cc of N/10 soln of NaOH require for its neutralisation 
18'5cc of HCI soln. How much water must be added per litre 
of the above HCI soln to make it exactly decinormal? West 
Bengal J. E. E. 1973. Ans. 80cc. 


24. 20cc (N) hydrochloric acid is mixed with 60cc (5) sul- 


phuric acid. This mixture is neutralised with 0°33(N) caustic 
soda soln. How many cc of caustic soda will be required for 
neutralisation? West Bengal H.S. Tech. 1974. Ans. 151'515cc. 

25, 25cc of (N/10) HCl neutralise 225cc of NaOH soln. 
How much water must be added to 1 litre of the latter to make 
it exactly N/10? West Bengal J. E. E. 1978, Ans. 100 cc. 

26. A 0'50 gm sample of impure calcium carbonate is 
dissoved in 50 ml of 0°0985(N) hydrochloric acid. After the 
reaction is complete, the excess hydrochloric acid requires 6'0 ml 
of 0'105 (N) caustic soda for neutralisation. Find the percentage 
of calcium carbonate in the sample. I.I.T. (gp. A) 1971. Ans. 43. 

27. 10cc of HCl neutralise 40cc (N) NaOH. 1gm of a 
sample of chalk is dissolved in another 10cc of the same acid and 
the excess acid required 20'5cc (N) NaOH for complete neutra- 
lisation. Calculate the percentage of CaCO, in the sample of 


chalk. Ranchi: U. 1975. Ans. 9775. 
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28. lgm of an ordinary sample of lime stone dissolved in 
16%6cc of 0°92 (N) hydrochloric acid soln leaving some sandy 
residue. Calculate the percentage of CaCO, in the sample. 

Patna. U. 1974A. Ans. 76°36. 

29. 02815 gm of a sample of lime stone is dissolved in 30cc 
(N) HNO,. Unreacted acid is neutralised by 245cc (N) NaOH- 
Calculate the percentage of CaCO; in that sample. West Bengal 
H.S.1977. Ans. 97°69. 

30. A sample of impure calcium carbonate (containing an 
inert impurity) weighing 0'565 gm required 25cc of 0°404 (N) 
hydrochloric acid ‘for exact neutralisation. Calculate the per- 
centage purity of the impure sample of calcium carbonate. 

West Bengal J. E.E(Tc) 1978. Ans. 89°38. 

31. 4'2 gms of ammonium sulphate (pure) was treated with 
100ml of sodium hydroxide soln (80 gms per litre ) and the 
mixture heated to expel ammonia, It was cooled and diluted to 
250 ml with distilled water. What volume of 0'2 (N) H2504 will 
be required to neutralise 25 ml of this soln? Ranchi. U. 1971A. 
Ans. 68'2 ml. 

32. 7°5 gms of (NH4) SO, were boiled with excess of NaOH 
soln and the evolved NH, was led into 50cc of (N) H¿SO4, which 
finally required 8cc of N/2 NaOH for complete neutralisation. 
Calculate the % of N in (NH4)aSO4. Ranchi. U. 1973S. Ans. 8'58. 

33. 2'871 gms of an ammonium salt are boiled with NaOH 
soln and the evolved ammonia is passed through 75cc (N) HaSO4. i 
The unreacted acid requires 31'5 cc (N) NaOH for complete 
neutralisation. Find out the percentage of NHg in the ammonium 
salt. Magadh. U.1975S Ans, 25°75. r 

34. A 10ml portion of (NH4)2SO, was treated with an excess 
of NaOH. The NH, gas evolved was absorbed in 50 ml of 
01 (N) HCI. 10 ml of 0:2(N) NaOH was required to neutralise 
the remaining HCl. How many gms of (NH,)2SO,4 are ina 
litre of soln ? L I. T. (gp. A) 1974, Ans. 19°8 gms- 
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35. 1524 gms of NH,Cl were dissolved in water and 50cc(N) 
KOH soln were added to it. The total soln was boiled till NHs. 
(g) ceased to be evolved and was then neutralised with 30°95cc 
(N) HSO, soln. Calculate the % of NH, in the sample of 
NH, Cl. Ranchi. U. 1976. Ans. 21°25. 

36. 2°26 gms of an ammonium salt were boiled with 50ml of 
normal caustic soda soln until all ammonia had been expelled.. 
The soln then required 20ml of seminormal sulphuric acid for 
neutralisation. Find the percentage of NH, in the ammonium 
salt. Bhagalpur. U. 1976. Ans. 30°08 

37. 5'6 litres of dry ammonia gas at S.T.P is passed through 
1 lit of (N)HgSO,. What volume of 0°1(N) KOH will be required 
to neutralise the mixture? [If necessary, you may use S=32: 
and N=14] West Bengal H. S. C. 1978. Ans. 7'5 lits. 

38. 2 gms of a mixture of HH,Cl and NaCl are heated with 
50cc of (N) NaOH until all ammonia has been driven off. The 
excess of alkali present is then neutralised with 20cc (N) H2504- 


Determine the percentage of NH,Cl in the mixture. 
Bombay. U. I. Sc. 1977. Ans. 80°25: 


39. Find out the volume in ml of 0°1 (N) hydrochloric acid 
required to'react completely with 1 gm of a mixture of sodium 
carbonate and sodium bi carbonate containing equimolar amounts. 
of the two compounds. I. I. T.1971. Ans. 157°9ml.. 

40. 2'l sms of a mixture of NaHCO; and KCIOs require 
100ml. of 0'1 (N) HCI for complete reaction. Calculate the 
amount of residue that would be obtained on strongly heating 
2'2 gms of the same mixture. 1.I.T. 1972. Ans. 1'328 gms.. 

41. 3'4914 gms of a mixture of NaOH and KOH are dissolved 
in water and diluted to 250cc. 10cc of this diluted soln required 
13°6cc of 0'25 (N) acid for complete neutralisation. What is the 
percentage of KOH in the mixture ? Ranchi. U. 1972. Ans. 9°3. 

42, 2'5 gms of a mixture of CaCO, and MgCO 3 was 
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dissolved in 80cc of 1'05 (N) HCl. The soln was then diluted to 
250cc. 25cc of this soln required 30'2cc of N/10 NaOH for 
complete neutralisation. Calculate the percentage composition 


of the mixture. Ranchi. U. 1974A. Ans. 60% CaCOs 5 
40% Mg CO. 


43, 10 gms of soda crystals (NagCO 3, 10HgO) are required 
to neutralise 50cc ofa sample of HCl soln. How many cc of 
this acid must be diluted and made up to one litre so as to 
produce exactly (N) HCl soln? Magadh. U. 1972. Ans. 715 ce. 

44. 3°35 gms of hydrated sodium carbonate were dissolved 
in 200cc of water. 50cc of this soln required 58'50cc of N/10 
H.SO,4 for complete neutralisation. Calculate the number of 
molecules of water of crystallisation in one molecule of hydrated 
sodium carbonate. Ranchi. U. 1973. Ans. 10. 

45. 1'215 gm of a sample of CuSO4, XH2O was dissolved in 

water. H3S, passed till CuS was completely precipitated. The 
filtrate contained liberated H2SO0, which required 20 ml of N/2 
NaOH for complete neutralisation, Calculate X, the number of 
‘molecules of water associated with CuSO4. 
U. P. Board. I.Sc. 1972. Ans. 5. 
46. 3'12 gms of washing soda (NagCOs, 10H20) crystals 
were dissolved in 200 cc of water. 20 cc of the resulting soln, 
titrated with N/10 H2SO, required 21°8cc for exact neutralisation. 
Calculate the percentage of anhydrous NagCOg in the crystals. 
Ranchi. U. 1974. Ans, 37°02. 

47. 10cc of1(N) sodium carbonate soln require 5 cc of 1 
(N) hydrochloric acid soln for neutralisation if phenolphthalein 
‘be used as indicator. Explain why? West Bengal H.S.C. 1978. 

Ans. See solved problem No. 22. 

48. An aqueous soln containing 0'475 gm of a mixture of 
"NasCO, and NaHCO; was titrated with 0'5 (N) HaSOz soln 
“using methyl orange as indicator. The volume of 0'5 (N) H2SO4 
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soln required was 15 ml for the end point. Calculate the 
percentage of NaCO; in the mixture. 

Calcutta. U. B. Sc. 1970. Ans. 57:263. 

49. An alkaline soln contains both NaOH and Na3CO3. 20cc 

of this soln require for neutralisation 30cc of N/10 HCl, when 
phenolphthalein is used as an indicator, But on adding methyl 
orange, the soln is found to be alkaline even now and requires 
10cc more of the same acid for complete neutralisation. 
Calculate the weights of NaOH and NaCO; in one litre of the 
alkaline soln. Ans. 5'3 gm NasCOg ; 4 gm NaOH. 
50. Calculate the volume in ml of semi normal hydrochloric 
acid required to precipitate 71°75 gms of AgCl from AgNO3 
soln. (Ag=108 ; Cl=35°5). Patna. U. 1970 A. Ans, 1 litre. 
51. Calculate the amount of NaCl in gms necessary for 
complete precipitation of Ag* from 41°05 ml of M/10 AgNO; 
soln, Calcutta. U. B. Sc. 1970. Ans. 0'24 gm. 
52.. Calculate the amount of NaCl necessary for complete 
precipitation of silver ion present in £0 ml of M/10 silvernitrate 
soln. Calcutta. U. B. Sc. 1976. Ans. 0°7925 gm. 
53. 50 cc of a soln of copper sulphate was boiled with 50 cc 
(N) NaOH soln and filtered. The residue was thoroughly washed! 
to remove all the alkali. The excess of NaOH present in the 
filtrate and washing required 250 cc N/10 HSO, for complete 
neutralisation. Calculate the amount of CuSO, present in 500 
cc of the original soln. Bihar. U. 1971A. Ans. 93°74 gms. 
54. 20 cc ofa soln containing H2SO,4 and HCl required 30 

cc of 0'5 (N) NaOH soln for complete neutralisation. 10cc of 
acid soln when treated with AgNO gave 0°4305 gmof AgCl. 
Find the weights of HgSOz and HCl in a litre of the acid soln, 
Ranchi. U. 1968 A, 1975S. Ans. H SO,=2205 gms; HCl= 
10°95 gms, 

55. 10 cc ofa soln of HCl exactly neutralise 15 cc of a soln 

of NaOH. Also 10 cc of the same HCl soln when treated with 
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-excess of AgNO; soln give 0'1435 gm of AgCl. Find out the 
strength of NaOH soln in gm/litre. West Bengal J. E. E. 1975; 
Calcutta. U. B. Sc. 1976. Ans. 0'066 (N). 
56. (i) A soln of a mixture of KCI and KOH was neutralised 
120 ml of 0'12 N HCI. Calculate the amount of KOH in the 
mixture. (ii) After titration, the resultant soln was made acidic 
with HNOs. Then excess of AgNO, soln was added to precipitate 
AgCl which weighed 37 gms after drying. Calculate the 
percentage of KOH in the original mixture. 
I. I. T. 1973. Ans. 0°8064 gm ; 48°74%. 
57. To10 cc ofa soln of CaClg was added 20cc of (N) 
NaCO; soln and the mixture was warmed. The precipitate was 
removed by filtration and washed. The total filtrate and washings 
were then diluted to 250 cc. 10 cc of this diluted soln required 
16 cc of N/4 HCI for complete neutralisation. Calculate the 
‘strength of CaCl, soln in gms of CaCly dissolved per litre (Ca= 
40; Cl=35'5), Ranchi, U. 1970. Ans. 55'5. 
58. A mixture containing only NaCO and K,COz weighing 
1°22 gm was dissolved in water to form 100 ml of a soln, 20 ml 
of this soln required 40 ml of O'L (N) HCl for neutralisation. 
Calculate the weight of NaCO; in the mixture. If another 20 ml 
Portion of the soln is treated with excess BaCl, what will be the 
‘weight of the precipitate thus obtained ? 
I. I. T. (gp A.) 1976. Ans. 0°3946 gm. 
59. 2 gms of the carbonate of a metal were dissolved in 50 cc 
of (N) HCI. The resulting liquid required 100 cc of N/10 NaOH 
soln to neutralise it completely. Calculate the equivalent weight 
of the metal, West Bengal J.E.E. 1969. Ans. 20. 
60. 0°23 gm of the oxide of a metal M required for complete 
neutralisation 15 cc of N/5 HCl. Carbonate of the metal had the 
formula MCO. What is the at wt of the metal ? 
Bihar University ; Ranchi. U. 1969. Ans. 137'2. 
61. 1 gm of MCOg was dissolved in 50 ml (N) HCl. The 
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remaining acid required 30 ml of (N) NaOH for complete 
neutralisation. Find the equivalent weight of MCO}; and from 
it deduce the atomic weight of M. 

L.N. M. U. 1975 A. Ans. 50; 40. 

62. 1'2 gm of a pure alkali is dissolved in 260 ml distilled 
‘water. 25 ml of this soln require 30 ml (N) HCI for neutralisation. 
Calculate the equivalent weight of the alkali. 

L. N. M. U. 1976 A. Ans, 4. 

63, Calculate the number of sodium ions in one litre of 1 
(M) sodium sulphate solution. Indian School Certificate 
Examination. 1978. Ans. 2. 

64. Calculate the mass of copper deposited when an excess 
of zinc is added to 100 cm? of a solution containing 249°5 gms of 
‘CuSO4. 5H20 perlitre. Indian 8. C.E. 1978. Ans. 63'5 gms. 

65. lgm of pure NaOH is dissolved in water and 15 cc of 
(N) HSO; are added. Is the solution acidic or alkaline ? Give 
reasons. [Na=23] W. B.J. E. E. 1977 & 1980. Ans. alkaline. 

66. 20cc of N/2 HCI, 50cc of N/5 HNO; and 80 cc of 
N/LO HSO, were mixed together. Find the normality of the 
resulting mixture. W.B.J.E.E. 1977. Ans. 0'18 (N). 

67. 18 ml N/2 HCI is mixed with 20°6 ml 2N HCI and 16'4 
ml N/10 HCl. 30 ml of this mixture is diluted to 250 ml. What 
-would be the volume of (0'905) N/10 NaCO; solution required 
to neutralise 20 ml of this diluted solution ? 

Ranchi. U. 1978. Ans. 24'97 ml. 

68. A bottle of commercial sulphuric acid is labelled 86% by 
-wt of sulphuric acid. Its density is 1'787 g/cc. What is the 
molarity of the acid solution? W. B. H. S. C. & I. I.T. 1979. 
What volume of the acid has to be used to make 1 litre of 0'2M 
HSO? Ans. 8°43(M), 23 lit, 

69. Two grams of a sample of ammonium chloride contami- 
nated with sodium chloride is mixed with 50 ml of N NaOH 
solution and the solution is boiled till there is no change of 
colour of a moist red litmus paper held in the vapour. The 
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solution after cooling requires 20ml of NH.SO, for neutralisation. 
What was the percentage of ammonium chloride in the sample ? 
W.B. H. S.C. 1979. Ans. 19°75. 

70. 5°5g of a mixture of FeSO4.7H.O and Fe2(SO4)3. 9H2O 
require 5'4 ml of 0'1 NKMnO, solution for completeoxidation. 
Calculate the number of gm moles of hydrated ferric sulphate in 
the mixture. I.I. 7.1979. [ Hint. 54 ml of 0'1 NKMnO,= 
0'00054 gm eq FeSO,, 7H.O. ~" eq. wt of FeSO,. 7H,O=278 

wt of FeSO,, 7H,O=0°15 gm; wt of Feg(SO,4)3.9H2O 
=535 gm=0'0095 gm mole. Mol. wt of Feo(SO4)3.9H.O=562'1, 

$=32'1 ] 

71. A solution contains NagCOg and NaHCOsg. 10 ml of the 
solution require 2'5 ml of 0'1 M H2SO, for neutralisation using 
phenolphthalein as an indicator. Methyl orange is then added 
when a further 2'5 ml of 0'2M HSO, was required. Calculate 
the amount of NaCO and NaHCO, in one litre of the solution. 

I. I, T. 1979, 

[ Hints. Amount of NagCO, in10 ml soln=5ml 0'2 (N) 
H2SO4=5ml 0'2 (N) NagCOg. 1000 ml (N) NagCOg soln contain 
53 gms. .. 5 ml0'2(N) NagCO; soln contain 0°053 gm. 10ml 
soln contain 0'053 gm NaCO, .'. amount of Na2,CO,/litre= 
5'3 gms. Amount of NaHCO; in 10 ml soln =(5— 2'5) ml of 0'2 
(N) H2SO4=2'5 ml of 0'2 (N) NaHCO . 1000 ml (N) NaHCOz 
contain 84 gm .. 25 ml 0'2 (N) NaHCO; soln contain 
0'042 gm, 10ml soln. contain 0'042gm NaHCO, .. amount of 
NaHCO, /litre=42 gms. ] 

72. 0'01 gm atom of zinc metal was completely dissolved in 
90'5cc of dil. sulphuric acid soln. The resulting soln still required 
exactly 17°5cc of 0°15 (N) caustic soda soln for complete neutra- 
lisation. Calculate the normality of the acid and the weight of 
zinc sulphate formed. W. B. J. E.E. 1979. 

(Hint. Zn+HSO4 -=> ZnSO +H; 
65°38 gm 2000cc (N) 16138 gm 
0:01 65°38 gm 20cc (N) 1'6138 gm. 
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Volume of sulphuric acid used=20cc (N) HaSO, and vol of 
acid unused=17°5cc of 0'15 (N) HgSO,=2'625ce (N) H3SO4. 
Total vol of acid=22'625cc (N) HaSO4 3 

, 22625x(N)=905xS .'. S=025 (N). ] 

73. 100ml of a dil. solution of hydrochloric acid was 
completely neutralised with 200 ml of a dil. solution of sodium 
hydroxide. The neutralised soln on evaporation gave 5'85 gms 
of solid residue. Calculate the strengths of the hydrochloric 
acid and sodium hydroxide solns, respectively, in terms of 
normality. W. B. J. E. E. (Tc) 1979. 

[ Hints. HCl+NaOH>NaCl+H,0 

36°5 gm HCI react with 40 gm NaOH to form 58'5 gm 
NaCl (solid residue ) 
Or, 365 ,, Bs ARTAR 53 D E sy 


3°65 \. 1000 
strength of HCl= 00 X355 
1000 


=1 (N) and strength of NaOH = ma =} (N). ] 


74. An organic monobasic acid gives the following combus- 
tion data: 0'100 gm gave 0°2525 gm of CO% and 0'0432 gm of 
H,O. 0122 gm of the acid required 10 ml of N/10 barium 
hydroxide solution for neutralization. What is the constitutional 
formula of the acid? W. B.J. E.E. 1979, Ans. C,H,Og; 
C,H,COOH. 

75, 1'64 gms of a mixture of calcium carbonate and magne- 
sium carbonate were dissolved in 50 cc of 0'8 N hydrochloric 
acid. The excess (unused) of the acid required 16 cc N/4 sodium 
hydroxide solution for neutralisation, Find out the percentage- 
composition of mixture of the two substances. 

P.M.T. Meerut 1970, Ans. 435% CaCOsg ; 56'5% Mg CO,. , 

76. How much silver chloride will be formed by adding 
200 ml of 5 N hydrochloric acid to a solution containing 1'7 gms 
of silver nitrate? Uttar Pradesh I. Sc. 1970. Ans. 1'435 gms, 

77. 40 ml of HCl is exactly neutralised by 20 ml of NaOH 


14 
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soln. The resulting neutral soln is evaporated to dryness and 

the residue is found to have a mass of 0'117 gm. Calculate the 
normality of HCl and NaOH solns. 

Uttar Pradesh I. Sc. 1977. Ans. N/20, N/10. 

78. 0'1435 gm of AgCI is obtained from 20 ml HCl. Deter- 

mine th normality of the acid. U. Pradesh 1977S. Ans. N/20. 

79. Find out the volume of hydrogen which would be 
evolved at N. T. P. by reacting zinc with 50 ml of 40% pure dil. 
H5O, whose sp. gravity is 1'3. [ Zn=63'5] U. P. 1978. 
Ans, 5942°8 ml. 

80. 2'65 gms of a diacidic base was dissolved in water and 
made upto 500 ml, 20 ml of this soln completely neutralise 12 ml 
of N/6 HCl, Find out the equivalent weight and molecular 
weight of the base. U. P.1978. Ans. 53; 106. 

81. In a sample of NagCO, some NaSO, is mixed. 1°25 g 
of this sample is dissolved and the volume made upto 250 ml. 
25 ml of this soln neutralises 20 ml N/10 H SO4. Calculate 
the percentage of NaCO; in the sample. 


h U.P. 1978S. Ans. 848%. 
82. A piece of Al weighing 27 gm is treated with 75 ml 


HSO, (sp. gr. 1°18, containing 247% HSO, by wt.) After 
the metal is completely dissolved the soln is diluted to 400 ml. 
Calculate the molarity of the H2SO,j in the resulting soln 7 
Roorkee Adn. T. E. 1977. Ans. 0'183. 
83. A polyvalent metal weighing O'L gm and having at. wt. 
51 reacted with dil. H2SO4 to give 43'9 ml Hy at N.T.P. The 
soln containing the metal this lower oxidation state, was found 
to require 58'5 ml of 0'1 N permanganate for complete oxidation. 
What are valencies of the metal 7 LI.T. 1977, Ans, 2; 3. 
84. A sample of magnesium metal containing some magne 
sium oxide as imputity was dissolved in 125 ml 0'1 N H504. 
The vol of He evolved at 27'3°C and latm. was 120°1 ml. The 
resulting soln was found to be 0'02 N with respect to H2SOx. 
Calculate (i) the weight of the sample dissolved and (ii) the 
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percentage by weight of magnesium in the sample, Neglect any 
change in the vol of the soln. I.I.T. Adn. T.E. 1977. Ans, 0'1236g ; 
95°15%. 

85. 7°45 gm of KCI are dissolved in 250 ml of water, 


Calculate the molarity of the solution. Uttar Pradesh I.Sc. 1976. 
Ans. 0'4. 


86. 1°325 gms of anhydrous sodium carbonate were dissolved 
in water and the soln was made upto 250 ml. Calculate the 
normality of the soln. Uttar Pradesh I. Sc. 1978 S. Ans. N/10. 

87. 20 cc of N/2 NaOH soln is added to 30 cc N/5 HCI soln. 


How will the resulting soln react with litmus. 
Ravisankar U. B. Sc. 1977 Ans. alkaline. 


88. (a) What amounts of NagCOs will be required to prepare 
the following solutions? (i) 250 cc. 0'5N NagCOs ; (ii) 500 cc 
05M Na,COsz and (iii) 1000cc 5% NagCOg (Na=23). (b) 25cc 
of a O'LN NaOH solution neutralises 22°5 cc of a HCI soln. How 
much water is to be added to 500 cc of the HCI soln to make it 
ON? W.B.H.S.C. 1980. Ans. (i) 6°625 gms, (ii) 265 gms 
(iii) 50 gms (b) 55'5 cc. 

89. (a) One litre of a sample of hard water contains 1 mg of 
CaCl and 1 mg of MgClg. Find the total hardness in terms of 
parts of CaCOsg per 10° parts of water by weight. (b) A sample 
of hard water contains 20 mg of Ca*tions per litre. How many 
milli equivalents of NapCO3 would be required to soften 1 litre 
of the sample? (c) lgm of Mg is burnt in a closed vessel 
which contains 0'5 gm of Og. (i) Which reactant is left in 
excess? (ii) Find the weight of the excess reactant. (iii) How 
many millilitres of 0'5 NH2SO¢ will dissolve the residue in the 
vessel? I.I. T. 1980. 


-3 
[Hints: (a) 1 mg CaCl = gm. eq. Catt ; 1 mg MgCla 


1 aS gm, eq. Ca** and Mg**=0'039X10-® gm. eq. 
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Catt and Mg** =0'039 x 10-3 gm. eq. Cat*=0'039 x 107? gm. eq.’ 
CaCOg by law of equivalent proportion. 1000 cc (1 litre) =10* 
gm water contain 0°039x 107° gm. eq. CaCO, =0'029 x 107° x 50 
gm CaCO, .'. 108 gm water contain 0'039 x 10-* x50x 10° gm 
CaCOs=1'95 gm CaCOs. (b) 20 mg Ca */litre=20% 10" gm. 
eq. Cat*/litre=10-% gm. eq. Ca**/litre=10-* gm. eq. NagCOs/ 
litre=10-5 x10? milli gm.eq. NapCOg/litre=1 milli eq. NagCO3/ 
litre. (c) Ans. (i) Mg., (ii) 0°25 gm., (iii) 41'66 ml 0'5(N)H;SO,.] 

90. (a) (i) A sample of MnSO,.4H,O is strongly heated in 
air. The residue is Mn,O4. (ii) The residue is dissolved in 
100 ml of 0'INFeSO, containing dilute HzSO,. (iii) The solution 
reacts completely with 50 ml of KMnQ, solution. (iy) 25 ml of 
the KMnO, solution used in step (iii) requires 30 ml of 0'IN 
FeSO, solution for complete reaction. Find the amount of 
MnSO,4.4H3O present in the sample. (b) 05 gm of fuming 
H50, (oleum) is diluted with water. This solution is completely 
neutralised by 26'7 ml of 0'4N'NaOH. Find the percentage of 
free SO; in the sample of oleum. (c) Find the equivalent 
weight of HPO; in the reaction: Ca(OH). +H 3PO,=CaHPO, 
+2H,0. I. I. T. 1980. 

(Hints: 30x01(N)=25xstrength of KMnO, .’. strength 
of KMnO,=0'12(N), 50 ml 0°12(N)KMnO, =50 ml 0°12(N) 


FeSO, soln 20X07? mal 0-1(N)BeSOg soln=60 ml 0'1 (N)FeSO, 


soln. .’, (100—60) ml=40 ml beams soln ety to dissolve 
0x O71 H 
Mn,0,220%7* mo gm. eq: Fett io gm. eq, Fett =n gm. eq. 


4 
Mn,0,= aa gm. eq. MnSO,.4H,0= i000 * 111°5 gm 
MnSO,.4H20 =0'446 gm. MnSO,.4H20. 
(b) 267 ml 0°'4(N)NaOH=26'7 ml 0°4(N)H2SO, 


267 x04 
1000 x49=0011 gm H2504. 
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amount of SO; in the sample of oleum= (0:5— 0'011) gm 
=0°489 gm. % of free SO; in the sample of oleum 
0:489 48'9 Ë 

= rs * gs =978. 

(c) Ans. 49. 

91. 0'7 gm of an organic compound was analysed by 
Kjeldahl’s method, the NH produced was absorbed in 100 ml of 
N/10 HgSO,4. The excess acid required 10 ml of N/5 NaOH for 
neutralization. Calculate the precentage of nitrogen in the 
compound. U. P. 1977. Ans. 16. 

92. 0°45 gm of an organic compound on ignition gave 0°792 
gm COg and 0'324 gm water. By Kjeldahl’s method 0'24 gm of the 
substance yielded NH3, which was dissolved in 25 ml of N/2 
HSO,. The excess of H SO, was neutralised with 38'5ml of 
N/5 NaOH solution. Calculate the percentage of C, H and N 
in the compound. ó 

Uttar Pradesh I. Sc. 1978. Ans. %C=48, % H=8, %N=28. 

93. What will be normality of O'I M sola of KMnO,, when 
it is used as an oxidant in acidic medium ? 

Ravisankar U. (B.Sc.) 1978. Ans. 0°5(N). 

94, HCI of sp. gravity 1'25 contains 50% pure HCl by 
weight. How much volume of this HCl will be required to 
prepare NHC] in one litre ? 

Ravisanker U. B. Sc. 1973, 1975. Ans, 0°0876 lit. 

95. Find out the concentration of an oxalic acid solution in 
gms of anhydrous acid per litre, 20 cc of which require 15 cc 
of N/25 pot. permanganate soln ( Eq. wt of anhydrous oxalic 
acid=45 ) Ravisankar U. B. Sc. 1974. Ans, 1°35 gm. 

96. 0225 gm. oxalic acid required 50 ml 0'1 N pot. perman- 
ganate soln for complete oxidn, What is the eq. wt. of oxalic acid ? 

Ravisankar U. B. Sc. 1976, Ans. 45. 

97. 1 gm. of a pure sample of metal dissolves completely in 
100cc NHCI soln. The excess of acid was neutralised with 
16'7 cc N NaOH soln. The sp. heat of the metal is 0'27, Find 
out the correct at. wt. of the metal. Ranchi U. 1979. Ans, 24. 


CHAPTER 11 


Problems on electrolysis, “solubility snd solubility product” 
and PH. 


Electrolysis è 

An electrolyte conducts electricity in its fused state or in 
its aqueous solution by virtue of the movement of ions. Suck 
electrolytes are decomposed by the passage of electric current. 
The products of this decomposition are obtained by removal or 
addition of electrons. The decomposition of an electrolyte by 
Passing an electric current is called electrolysis. 


Faraday’s laws of electrolysis = 

Istlaw: The law states that, “The weight of an element 
liberated at a given electrode during electrolysis is directly 
Proportional to the quantity of electricity passed through the 
electrolyte”. Mathematically, it can be stated as, W4 Q4% c.t. 

“. W=z.c.t. Where, W=wt of the element in gms; 
c=current strength inamp; t=time in second. Q=quantity of 
electricity in coulomb and z=electro chemical equivalent, the 
Constant of proportionality. When, c=lampere and t=1 second ; 
Q=ct=1x1=1 coulomb. We=z. c. t=z, 1. 1=z. Thus, 
electro-chemical equivalent of an element is the weight of the 
element that is liberated by the passage of 1 coulomb of electricity 
through the electrolyte. 

2nd law: The law states that, “When the same quantity of 
electricity is passed through different electrolytes, the weights of 
different ions liberated at the different electrodes are in the 
tatio of their chemical equivalents. 

Thee Weight of ion ‘X’ „Chemical equivalent of X 

Weight of ion ‘Y’ Chemical equivalent of Y’ 

It is noted by experiments that 96500 coulombs of electricity 
are needed to liberate 1 gm equivalent weight of any element. 
This quantity of electricity is called one Faraday. 
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One Faraday (F)=96,500 coulombs=1 gm equivalent weight 
of element. The minimum quantity of electricity carried by 
either a singly charged positive ion or a negatively charged ion is 


found out by the following relation : en where, e=minimum 


quantity of electricity, F=faraday of electricity and N=avogadro’s 
number=6'023 x 1023. Unit of e is then coulomb. 

From Ist and 2nd law of Faraday we can write, 

Chemical equivalent of X _ Electro chemical eq. of X 

Chemical equivalent of Y Electro chemical eq. of Y` 

Solubility and solubility product 

Solubility: The solubility of a solid ina solvent (liquid) at 
a given temperature is the number of gms of the solid (solute) 
which dissolves in 100 gms of the solvent to give a saturated 
solution at that temperature, Á 

Let a gm of a solute saturate b gm of a solvent at t'C, then 
100xa 


its solubility at t°C= If A gms of a solute be present 


in B gms of its saturated soln at t°C, then its solubility at t°C 
00x A 3 

B-A 

Solubility product: A little of a sparinghy soluble strong 
electrolyte (e.g., AgCl) is shaken with distilled water in a reagent 

"bottle at a definite temperature, a state of equilibrium is reached 
following the reversible reaction, 

AgCI! (solid)=AgCl (soln)=Ag*+Cl-. 

Since, silver chloride (AgCl) is a strong electrolyte, the 
dissolved portion of the electrolyte AgCl is totally ionised and 
an ionic equilibrium is established between solid silver chloride 
and silver and chloride ions at the definite temperature. On 
applying the law of mass action to the equilibrium reaction, we 
get, K= -AET [CI] or K [AgCI (Solid)]=[Ag*) [CI] 

[AgCl (Solid)] y 

Where, K is the ionisation constant. Since, concentration of 

any solid substance in a saturated solution at definite temperature 
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is constant, we have, Ks=[Ag*][CI-]. Where, Ks is a constant, 
known as the solubility product of silver chloride. Considering 
ionisation of a sparingly soluble strong electrolyte AmBn, we get, 
AnBu=mA*+nB-, then K =[A*)"[B-]" at the definite 
temperature. Solubility product of an electrolyte is therefore de- 
fined as the maximum product of concentrations of its constituent 
ions in its saturated solution at definite temperature, the power 
of each concentration term being raised to a number representing 
the number of ions of each type formed by the reversible 
ionisation of one molecule of the electrolyte. If S is the pola tity 
of AgCl in moles/litre. Then, K=[Ag*][Cl-]=S?. .°, S=JK,. 

Solubility in gm moles= Jsolubility product ; solubility in 
gms= V solubility product x molecular weight of the electrolyte. 
Hydrogen ion concentration (PH — value) : 

The concentration of Ht i. e., [H*] can be conveniently 
expressed in the form of PH, The PH of a solution is the negative 
logarithm (to the base 10) of the effective concentration of 


hydrogen ion, PH= ~logio [H+] and PH+POH= 14. Where, 
POH = —logy [OH-], 


Solved problems: Electrolysis. 
1. For how long a current of 4 amperes is to be passed through 
1 litre of a 1:2 molar copper sulphate solution to produce 10 gms 


of copper ? (Cu=63; 1 Faraday =96,500 coulombs). West- 


Bengal H.S. 1974. 
1000 cc (1 litre) copper sulphate sclution contain 1'2 gm 
mole CuSQ,. 


or 


(1'2 x mol.wt of CuSO,)gm , 
Ole es: n ” ” ” » 
(1'2 x valency x eq.wt) gm , 
or n » > » » 
(L2x2xeq.wt) gm „ 
or ” > » » 


12x 2 gm equivalent CuSO4. 
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or 1'2X2 gm equivalent copper is deposited at the elecerode 
by 1°2X% 296500 coulombs of electricity. `.* 96500 coulombs 
of electricity liberate 1 gm equivalent metal from 1 gm equivalent 


of its salt. 
or 1'2x 2x58 gm copper is deposited at the electrode by 
1°2x 2x 96500 coulombs of electricity 
” Ld » 3 
12x2 x96500 x10 ‘ 
paa E 92 
Now, Q=ct. Where, Q=quantity of electricity in coulombs ; 
c=current strength in amperes and t=time in seconds. 


or 3063492=4xt .*. e= 306322 7658:73 Tanit 


or 10gm , S 


pi 


2. A current of 1'5 amperes is passed through 40 litres 
of 1'2 molar copper sulphate solution for two hours. 
Calculate the weight of products *discharged at electrodes and 
the strength of the acid produced in terms of normality. (1 
Faraday =96,500 coulombs; Cu=63'6 ) West Bengal H. S. 1973. 

1 litre copper sulphate solution contains 1:2 gm mole CuSO4. 


40 litres of copper sulphate solution contain 12x 40 gm 
mole CuSO4- 
12x40X2 gm eq 


CuSO,. 
or, 12x 402 gm eq copper is deposited at the electrode by 
12x 40 x 2x 96500 coulombs of electricity. 
1'2x 80 x 96500 coulombs of electricity liberate 
12x ox 63°6 T 


or 5 ” ” » » » 


or, 


15x2x60x60 , » » » 
12x 80x636x15x2x60 x60 
2x 1'2 x 80 X 96500 


=3'558 gm copper. 5 


gm Cu. 


» 3:558 
Now, 3'558 gm copper= pg6 smed copper=0'1118 gm eq 


2 copper. 
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=0'1118 gm eq sulphate =071118 gm eq sulphuric acid. 
40 litre solution contain 0°1118 gm eq sulphuric acid after 
electrolysis. 


07118 _ 990279 


a lees 2 contains 40 n 5 a =o 


Strength of the acid produced=0°'00279 (N); 01118 gm eq 
sulphate obtained is converted into sulphuric acid=0'1118X48= 
5'366 gms. ',' equivalent weight of sulphate=48. 

3. A current of 0'75 amp is passed for 45 minutes through a 
metallic salt solution and the cathode was found to have gained 
in weight by 0°6662 gm. What is the equivalent weight of the 
metal? W. B. H. S.C. 1980. 

0°75 x 45 x60 coulombs of elecsrricity deposit 0°6662 gm metal 

0:6662 x 96500 
96500 5> y E » 075x45x60 


=31'747 ,, 
equivalent weight of the metal=31° 747. 

4. 19 gm of molten SnCl, is electrolysed for sometime. 
Inert electrodes are used. 0°119 gm of Sn is deposited at the 
cathode. No substance is lost during the electrolysis. Find the 
ratio of the weights of SnClo : SnCl4 after electrolysis. 

I. I. T. 1980. [Sn=119} 


oe 


0'119 gm of Sn= oR em. ea. Sn** =0'002 gm eq Sn** 


=0°002 gm eq Tus 002 gm eq SnCl, 
[l Sn**—2e->Sn**** ; Snt*#+4 4Cl-->SnCl,.] 


= S000 x251 =0°1305 gm SnCl, after electrolysis. Now, 19 gm 


SnCl2=}% gm. eq SnCl,=0'200 gm eq. SnClz=amount of SnCl> 
before electrolysis. Amount of SnCl, electrolysed =0'002 gm eq. 


after electrolysis, amount of SnCl, = (0'200 — 0'002) gm.eq. 


=0198 gm. eq.=°198%190_ 1881 gm, 


PROBLEMS ON ELECTROLYSIS, SOLUBILITY & PH 219 


The ratio of the weights of SnClg : SnCl, after electrolysis 


-E i.e. ; 18°81 : 01305. 
5. How much current is to be required to deposit 10 gm 
iodine from potassium iodide solution in 1 hr? 
Magadh. U. 1976A. 


96500 coulombs of electricity is required to deposit 1 gm eq 


iodine. 
Or, y ” ” ” ” ” ” ” 127 gm , 
“, Cx60x60 , » » » aio 
5 127 xC x60 60 
g 
s .  127xCx60x60 
AANER A, 

According to the question, 36500 1 


Where, C=current strength in amps. 
C=2'11 amperes [eq wt of iodine=127]. 

6. A solution of a salt of a metal of at wt 112 was electrolysed 
for 90 minutes with a current 0'15 ampere. The weight of the 
metal deposited at the cathode was 0:4698 gm. Find the valency 
of the metal in the salt. West Bengal H. S. 1977. 

90 x60 x 0°15 coulombs of electricity is required to deposit 

0°4698 gm metal 


0°4698 x 96500 
96500 » » ” » D 90x60 x 0°15 
=55'97 gm metal. 
at wt . = 112 = 
Eq Wee ny <. valency 5507 2. 


7. A current of 3°7 amperes is passed for 6 hrs between 
nickel electrodes in 0'5 litre of a 2M solution of Ni (NOs)a. 
What will be the molarity of the solution at the end of the 
electrolysis ? I. I. T. (Group A) 1978. 

1 litre nickel nitrate solution contains 2 gm mole Ni (NOs). 

before electrolysis, 

05 > ” 5 »  2x05=1gm mole 


pans 
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- Now, 96500 coulombs of electricity is required to deposit 1 gm 
eq Ni. 
* 1 5m atom Ni. 
x » » » » 3'7x6x60x60 © 
3'7X6x 60x60 x ——Ses00 
=0°414 gm atom Ni. 
| 1 gm equivalent wt= (4) gm= (= x) gm=4gm atom ] 
lgm atom Ni=1 gm mole Ni (NOg)2.; 0'414 gm atom Ni= 
0'414 gm mole Ni(NOs)g. So, 0'5 litre nickelnitrate soln contains 
{1—0'414)=0°586 gm mole Ni (NOs). after electrolysis. 
1 litre nickel nitrate soln contains 0'586 x 2=1172 gm 
mole Ni (NOs)a. Molarity of the solution at the end of the 
electrolysis =1°172. 


» » 
or, » » » » 


8. An ammeter and a copper voltameter are connected in 
series through which a constant current flows. The ammeter 
shows 0'525 ampere if 0'6354 gm of copper is deposited in an 
hour, what is the Percentage error of the ammeter? (At wt of 


Cu=63'54), West Bengal J. E. E. 1975. 
63°54 red AO 
“9 sm Cu is liberated by 96500 coulombs of electricity. 


06354 ,, 96500 x 2x 0:6354 


» » Cs 5AA = 1930 Si 
g =1930_ 9. 
Now, 1930=Cx 60x60 or C= 5500 0:536 amp. 
%error of the ammeter= C3267 0529x100 _ 9-059, 


9. A current, passed for 6 minutes through a voltameter 
containing dilute HgSO,, liberated 40 cc of an electrolytic gas 
measured at 15°C and 748 mm pressure. What was the average 
value of the current ? Calcutta U. B. Sc. 1971. 

We have, PoVo_PiVi 760% Vo _ 748% 40 


Sr | SLi. 2) 273+ 273415 
Vo=37°31 
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The liberated gas is a mixture of He and Og and the volume 
of which at N.T.P is 37°31 cc. As 2H,0>2H2+0O.z, 


3 cce(Ha +02) mixture contain 2 ce Ho, 


37°31 cc ,, » » Toe 


= 24°87 cc Hg at N. T. P. 
1l cc Hg at N. T. P. weighs 0°00009 gm 
24°87 cc  ,„ „ weigh 0'00009x 24°87 =0'0022383 gm. 


eq. wt. of Hy 


We have now, w=z.c.t; 0°0022383 = 96,500, XC% 6x60 


‘ _ 1:008 
or, 010022383 = 7 500% cx 6 x60 


_ 0°0022383 x 96500 _ g: 
Serea O ee 


10. Ten grams of a fairly concentrated solution of cupric 
sulphate is electrolysed using 0'01 Faraday of electricity, 
Calculate (i) the weight of the resulting solution and (ii) the 
number of equivalents of acid or alkali in the solution. 

I. I. T. (Gp. A) 1976. 

(i) The weight of copper, deposited by 0'01 Faraday of 
electricity =0'01 X 31'75=0'3175 gm. 


. 


eq. wt. of Cu= 39= 3175. The weight of oxygen, 


liberated=0'01X8=0'08 gm. *.” eq. wt of 0.=8. .”. the weight 
of the resulting soln. 

=(10—0°3175—0'08) gm=9'6025 gm. 

(ii) 0'01 Faraday of electricity produces 0'01 gm eq HSO ji 
in soln. 

11. Electric current is passed through two cells A and B in 
series, Cell A contains an aqueous solution of Ag}SO aand 
platinum electrodes.) Cell B contains aqueous solution of CuSO, 
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and copper electrodes. The current is passed till 1'6 gm of 
oxygen is liberated at the anode of cell A. (i) Give equation for 
the reaction taking place at each electrode. (ii) Calculate the 
quantities of substances deposited at the cathodes of the two 
cells. j I. I. T. (Gp. A) 1975. 

(i) Equations: In cell A at the cathode, Ag*+e—>Ag ; at 
the anode, 2H,O>4H*+40O.2+4e. In cell Bat the cathode, 
Cu?*+2e—Cu ; at the anode, 2H.O>4H*+ ¢O2+4e. (ii) Gm 


eq of Og liberated = 5 =0'2. 


gm eq Ag deposited=0°2 and the weight of Ag deposited 
at the cathode=0'2x108=21'6 gms; gmeq Cu deposited=0'2 
and the weight of Cu deposited at the cathode =0'2% 3175 =6'35 
gms. 


Solubility and solubility product 


12. The solubility of common salt at 40°C is 40 gms. 20 gms 
of an unsaturated solution of common salt at that temperature on 
evaporation gave 5 gms of salt. How much cf common salt is” 
to be added to 100 gms of this solution to make it saturated at 
that temperature ? West Bengal H. S. (Comp.) 1975. 

140 gm saturated solution of common salt (100 gm solvent 
+40 gm NaCl) at 40°C contain 40 gm common salt (NaCl). 

`. 100 gm saturated solution of common salt at 40°C contain 
40% 100 28571 gm common salt. 


Again, 20 gms of an unsaturated solution of common salt at 


40°C contain 5 gm salt. .', 100 gms of the unsaturated solution 
of common salt at 40°C contain 5x105 gm salt. 


.'. amount of common salt to be needed to make 100 gms of 
the unsaturated soln at 40°C saturated =(28'571—25) gm=3'571 
gms, 
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13. Knowing the solubility of AgCl as 0:0015 gm per litre at 
18°C, calculate the solubility product of this salt. 
mere a where S represents solubility of AgCl at 18°C. 


Now, Ks=solubility product at 18°C =S? 


-( 0:0015 hes (ponte j= (eee 2 
mol, wt. of AgCl 108+355/  \1435 
=1°092 x 10-10, 

PH 


14, The hydrogen ion concentration of solution is 31'6X 107°. 
What is its PH ? Hyderabad I. Sc. 1973. 
PH= —logio(H*]= —logyo 31°6X 1075 
= —logio 31'6—logi910-*. 
= —1°4997+5 logy) 10=5—1°4597 = 3:5003. 
15. Calculate the concentration in normality of a NaOH 
solution of PH=12'2. Calcutta U. B. Sc. 1977. 
PH=12'2 or, 122=—logyo[H*] or, [H*]=10-22:2 
or, [H*]=10-'?.10-°°?=10-12,10-%2.10-1,101 
elOstt2=109= 1 
or, [H+]=10718.10(1-0'2) =- 10810-1238, Let X=10°'8 
logy) X=0'8 by the definition of logarithm. 
X =anti log log; 9X =anti log 0'8=6'310. 
So, [H*]=6310x10-1°. *.* [OH-][H*]=10-74 
= 10-14 1 = 
“. [OH] = E379 x 10-18 6310 © 
or, [OH~]=0°1584 x 10-7=1°584 x 10-? 
concentration = 1'584 x 10-7(N). 


Problems for practice 

Electrolysis 

1, When 0'l ampere current ‘is passed through CuSO, soln 
for 100 minutes, 01978 gm copper is deposited. Calculate the 
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electrochemical equivalent of copper. L.N. Mithila. U. 1973A. 
Ans. 00003296. 

2. A current of 0'5 ampere is sent through a solution of 
copper sulpbate for 20 minutes using platinum electrodes. 
Calculate the number of copper atoms deposited. Cu=63'57. 
West Bengal J. E. E. 1973. Ans. 18'6713 x 102° atoms. 

3. The density of copper is 8'94g/ml. Find out the number 
of coulombs needed to plate an area 10 cmx10 cm to a thickness 
of 10-2cm using CuSO, soln as electrolyte. I. I. T. 1979. 

[ Hints. Volume=10x10x10-?=1 ml, amount of copper 


=8'94g, 96500 coulombs for 93> gm Cu deposition. 
Ans. 27171:968. ] 

4. 0'2964 gm of copper was deposited on passage of a current ` 
of 0'5 ampere for 30 minutes through a solution of copper 
sulphate. Calculate the atomic weight and electro chemical 
equivalent of copper. Roorkee Adn. T. 1977; I. I. T.?°72. Ans. 
63'56, 32°9 x 1075. 

5. (a) For the electrolytic production of NaClO, from 
NaClO, as per the reaction = ClOg-+H,0>ClO,- +2H*+2e 
(i) How many faradays of electricity would be required to 
produce 1 gm mole of NaClO,? (ii) What volume of He at 
S. T. P. will be liberated at the cathode in the time that it takes 
to form 12°25 gms of NaClO, ? I. I. T. (gp A) 1974 ; Calcutta. Ws 
B.Sc.1974. Ans. 2; 2'24 litres. 

6. 01978 gm of copper was deposited by a current of 02 
ampere in 50 minutes. What is the electro-chemical equivalent 
of copper? Patna. U. 1974A. Ans. 0'00003296. 

7, A current of 1'5 ampere when passed for 30 minutes 
through the solution of a salt deposits 0°8898 gm of the metal on 
the cathode. The valency of the metal is 2. What is its atomic 
weight? (1 Faraday=96,500 coulombs) West Bengal H.S. 1975. 
Ans. 63'592. 

8. A current of 5 amperes is passed through copper sulphate 
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soln. How long current shall be passed to deposit 0°635 gm 
copper at the cathode ? [Cu=63'5, F=96, 500 coulombs]. West 
Bengal H. S. (Tech.) 1975. Ans. 386 sec. 

9, Find out the amount of silver liberated when 0°075 ampere 
current is passed through a solution of AgNO; for 17 minutes. 
(Ag=108) Ranchi. U. 1975 S. Ans. 0°0859 gm. 

10. It is found that an electric current in 1 minute 40 seconds 
deposits 0°112 gm of silver and in twice the time 0'066 gm of 
copper. The equivalent weight of silver is 108, Find out the 
equivalent weight of copper. Bhagalpur. U. 1975 S. Ans. 31°83. 

1ł}. One hundred millilitres of 0'8 M copper sulphate is 
electrolysed for 30 minutes by passing a current `of 5 amperes. 
Calculate the amount of copper sulphate in grams in the solution. 
I.I. T. 1975. Ans. 5°32 gms. k 

12. A solution of a salt of a metal of at wt 112 was electro- 
lysed for 150 minutes with a current of 0°15 ampere. The weight 
of metal deposited was 0'783 gm. Find the valency of the metal 
in the salt. West Bengal. J. E. E. 1976. Ans. 2. 

13, The weight of the cathode increases by 0°89 gm due to 
the deposition of a metal from a salt solution by passing a current 
of 1'5 amperes for 30 minutes. What is the equivalent weight 
of the metal? (F=96,500 coulombs). West Bengal H. S. C (woc.). 
1978. Ans. 31'81. 

14. Calculate the weight of pure refined copper that will be 
deposited on the cathode of an electrolytic refining cell using 
cupric sulphate as the electrolyte when 1500 ampere current is 
passed for 100 hrs. At. wt. of Cu=63'54. West Bengal. J. E. E. 
(Tc) 1978. Ans. 177780°3 gms. 

15. Calculate the amount of copper produced by the passage 
of 1°5 ampere electric current for an hr through copper sulphate 
solution. (Electrochemical equivalent of : copper =0'00033) 
Calcutta. U. B. Sc. 1974. Ans. 1782 gm. 

16. How much copper will deposit on the cathode of a 
voltameter if 2 Faradays’ electricity is passed through a solution 


15 
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of copper (II) sulphate ? 1 Faraday=96,500 coulombs. Calculate 
the mass and number of atoms of silver deposited by 96500 C 
from a solution of silver nitrate and of copper deposited 
by 96500 C from a solution of copper sulphate. J. S.C.E. 1978. 
Ans, 63°5 ; 108 gms; 6'023 x 1028 ; 31°75 and 30115 x 1023. 

17. A current of 0°4825 ampere is passed through a metallic 
wire. What is the number of electrons passing per second through 
any point on the wire ? W. B. H.S. C. 1979. 

|Hints. em zs amp/sec .. no of electrons/sec= 
3'0115 x 1028, ] 


18. The same quantity of electricity that liberated 4'316 gm 
of silver from silver nitrate solution was passed through a solution 
of gold salt. If the atomic weight of gold is 197'0 and its valency 
in the abovementioned salt is 3, calculate the weight of gold 
deposited at the cathode and the quantity of electricity passed. 


Given: Equivalent weight of silver=107°9. I9.B.J.E.E. 1979. 
Ans. 2626 gms ; 3860 coulombs. 


19. A current deposits 5gm of Cu in 1930 minutes from a 
solution of Cu?* ions. 


amperes? How many gram of copper will the same current 
deposit during the same time from the solution of Cu* ions? 
LIT. 1977. Ans. 0'131 amp; 10 gms. 


20. Calculate the quantity of electricity that will be required 
for liberating 710 gms of chlorine gas by the electrolysis of 
oa aated solution of NaCl, What (i) weight of NaOH, (ii) 
volume of hydrogen measured at 27°C and 1 atm. pressure will 

e obtained during th GA an ny preseure ve 
800 gms; 246 litres) | ET. 2977. Ans. ; 

21. An electric current j luti of 

, S passed through the solutions 

CuSO, and AsCN connected A eties: If ina given time 0 35 
gm of copper is deposited, what will be the weight of silver 
deposited in the same time? Cu=63'57; Ag=107'8. West 
Bengal J. E. E. 1970, 1971. Ans. 1187 ante 


22. A current of 965 amperes is passed through acidulated 
water for one minute and forty seconds. Find out the volume (at 
N.T.P.) of hydro 


gen evolved at the cathode and also the weight 


gen at the anode. W. B. H. S. C. (Voc. 1980.). 
3 8 gms. 


in gms of oxy 
Ans. 11°2 lits 


What is the strength of the current in, 
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23. An electric current is passed through solution of copper 
sulphate and silver nitrate connected in series, If in a given time 
1°68 gm of silver is deposited, what will be the weight of copper 
deposited in the same time ? (Cu=63'57; Ag=107'88). Bihar. U. 
1969 ; Ranchi. U. 1976 A. Ans, 0'5 gm. 

24. If electrochemical equivalent of Ag is 0°00118 then find 
out the electrochemical equivalent of oxygen. L. N. M. U. 19764A. 
Ans. 0'0000829. 

25. From the values of a Faraday and Avogadro’s number, 
calculate the coulombic charge on an electron. Z. I. T. (gp A). 
1975. Ans. 1°6x10729 coulombs. 

26, Find the charge in coulombs of 1 gram ion of N&-. 
1. I. T. 1980. Ans. 1:084x10-4 coulombs, 


Solubility and solubility product 

27. 10°5 gms of a saturated solution of KCl at 40°C contains 
3 gms of the salt, Calculate the solubility of the salt. Hyderabad. 
I.Sc. 1977. Ans. 40 gms. 

28. The solubility product of AgCI is 2'°8xX10-1° at 25°C, 
Calculate the solubility of the salt in pure water. Delhi. U. 1971, 
Ans. 1°673X10-5 gm mole/litre. 

29. Ata certain temperature the solubility of silver chromate 
is 3X107? gm per lit. Calculate its solubility Product at that 
temperature (Ag=108 ; Cr=52). Calcutta. U.B. Sc. 1978, Ans. 
2°951 x 10722. 

(Hints. ABs Cra A E ECOL Ks=(25)?. S=4S°.] 


PH 

30. What is the PH of a 0'2 M solution of KOH? Hyderabad. 
I. Sc. 1975. Ans. 13'3010. 

31. Calculate the-:concentration in normality of an HCl 


solution of PH=2'3. Calcutta, U. B. Sc. 1975. Ans, 5012x 
10-8(N). 
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32. What will be PH of the following liquids ?: (i) pure 
water (ii) 0‘ 1INHCI (iii) OINHSO4. Ranchi. U. 1979. Ans. (i) 7 
(ii) 1 (iii) 2. 

33. The PH of neutral water is7; what is its P (OH)? 
Indian School certificate Examination, 1978. Ans. 7. 

34. (a) Two solns with PH values 2 and-6 are supplied. 
Which one is more acidic and how many times than the other id 
(b) Calculate : (i) H* ion concn of a soln of PH=6'35. (ii) PH 
ofa 01 N NaOH soln. Calcutta. U. B. Sc. (New) 1980. 


Ans. (a) PH=2; 104 times. (b) (i) 4467 x 10-7(N) ; (ii) 13. 


Problems on ionic equilibrium 
Examples: 1. Acetic acid is 45% dissociated in a N/10 
solution at 20°C, Calculate the ionisation constant of the acid. 
Acetic acid undergoes dissociation according to the following 
equation, CHz;COOH=CH,COO-+H*. Acetic acid is a weak 
electrolyte, law of mass action can be applicable to it according 
to Ostwald. By applying law of mass action to the above ionic 
-TH+ 
equilibrium, we can write, K=lçHcoc ] 
. Let 1 gm mole acetic acid (CHCOOH) be dissolved in ‘V’ 
litres of solution. « stands for degree of ionisation (dissociation). 


‘Then, [CH;COO-]= ; [H*]=$ and [CHsCOOH]=*—*. 


Go Gs 
NL E alia tion=C- 
So, Sa ea a es G y = concentra! 
Vv 


H 2 
Now, K= 1245) 01210 X10-*. K is the ionisation constant 


(dissociation constant) at definite temperature. 


2, At 30°C the degree of ionisation of formic acid in deci- 
normal solution is 0'01133, What would be the degree of ioni- 


Sation of this acid at the same temperature in centinorma! 
solution ? : 


x2 
Koe HCOOH=H*+COOH-. 
1-« x x 
Ea OOE oy age Port be 
aoon) o K=p2z.001 


PROBLEMS ON IONIC EQUILIBRIUM _ (229 


3)? x O'1_ 
ee aS aay eee 
x, =0'036. % ionisation at 30°C=3'6. 
3. The solubility product of lead iodide is 8x105. If the 
„salt is 80% dissociated in saturated solution find the solubility of 
the salt. sae ae 


S 25S 
Let S be the solubility of lead iodide. 
Ks=S.(2S)?=4S8 or, 8x105=4S3, 
S=2'714 x107? gm mole/litre. 
As the salt is 80% dissociated, actual solubility 


=2714x 10-2 x3 392x 10-2 gm mole/litre 


= 3'392 x 10-2 x 367 =12'45 gms/litre 
molecular weight of lead iodide = 367, 

Common ion effect 

In presence of a common ion, the solubility of a solute 
decreases but the solubility product remains constant provided 
temperature is kept constant. This can be explained by.taking 
an uni-univalent salt like AgCl. In solution [Agt]=[CI-]=S. 
‘Where, S stands for solubility of the salt. Ks=solubility product 
=[Ag*] [CI-]=SxS=S?. Let us suppose that the solubility of 
silver chloride changes to S’ when X gm mole of sodium chloride 
is added to one litre solution. Sodium chloride will be totally 
ionised and will produce X gm equivalent of chloride ions. 
Under this circumstance, [Ag+] =S" and [C1 ]= (S+ X). 

Hence, Ks=S(S+X)=S?. .. SZS. 

[1 gm mole NaCl=1 gm equivalent NaCI] 

4, Solubility product of leadchloride is 1'8 x 1074. Find out 
the solubility of lead chloride in 0'1 (N)HCI. 

Now, [Pb**]=S;[Cl-]=01+25 +. Ks=1'8x 10-4=s(014 2S) 

S=0°0517 gm mole/litre. *.° | PbCla=Pb**+ +2C]- 
3 S S 2S 


230 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Problems for practice 


1. The hydrogen ion concentration of a 0'1 (N) solution of a 
monobasic acid is 13x 10-8N. Calculate the dissociation constant 
of the acid. Calcutta. U. B. Sc. 1963. Ans. 1°712x10-5. 

2. The dissociation constant of an acid HA is 1°8x10-%. 
Calculate the hydrogen ion concentration of a 0'1 (N) solution 
of the acid HA. Calcutta University. B. Sc. 1967 3769, Ans. 
1'371 x 10-3N, 

3. The solubility of barium sulphate at 25°C is 0'00233 gm 
per litre. Calculate the solubility product of the salt, assuming 
that it is totally ionised at the concentration mentioned. What 
will be the solubility of barium sulphate at 25°C in an ammonium 
sulphate solution containing 13°2 gms of ammonium sulphate per 
litre, assuming complete dissociation of ammonium sulphate. 
Ans. 10-19; 233x 10-77 gm/litre. 

4. The solubility of AggCOg in water is 1'16X10-* mole/ 
litre. Calculate its solubility in 0'01 (N) AgNO; solution, after 
making necessary approximation. Calcutta. U. B. Sc. 1973. Ans- 
624x 1078 mole/litre [Hints. (neglect S® and S® terms)] 

5. Ata certain temperature the solubility of silver chromate 
is 3x 10-2 gm/litre. Calculate its solubility product at that 
temperature (Ag=108, Cr=52). Calcutta. U. B. Sc. 1978. Ans. 
2451x 10-12, 

6. The solubility product of AgCI in water 2°8x10-'° at 
25°C. Calculate the solubility of AgCl at this temperature, Delhi. 
1971. Ans. 16x10- gm mole/lit. 

7. Calculate the degree of dissociation 4 of acetic acid (diss. 
const =1°75 x 10-8) in (i) a 0'02 molar solution of acetic acid, and 
(ii) 0°02 molar solution of acetic acid containing 0'005 molar 
sodium acetate, (In both cases, consider «<<1). Calcutta 
University B. Sc. 1977. Ans. 2'958% ; 0°35%. 


CHAPTER 12 


Problems on dilute solution, distribution law and Henry’s law : 

Dilute solution : 

A homogeneous mixture of two or more substances is called 
solution. The component present in the greatest quantity is 

' known as a solvent while the other in smaller quantity is known 
asa solute. In dilute solution, solute is present in a very small 
quantity as compared to solvent. 

Colligative properties of dilute solution : 

The certain physical properties of a dilute solution which 
depend on the number of moles of the solute and not on their 
nature are called colligative properties of dilute solution. They 
are lowering of vapour pressure, elevation of boiling point, 
depression of freezing point and osmotic pressure. 

Lowering of vapour pressure : 

The vapour pressure of a pure solvent (liquid) gets lowered 
down when a non volatile non electrolyte solute (solid) is dissolved 
in it. Let the vapour pressure of the pure solvent be po and 
the vapour pressure of the solution be p, the lowering of vapour 

PoP 
Po 
of vapour pressure. It is defined as the ratio of the lowering of 


pressure will then be po —p. is known as relative lowering 


vapour pressure to the vapour pressure of the pure solvent. 

Raoult’s law: The law states that the relative lowering of 
vapour pressure is equal to the mole fraction of the solute. The 
law can mathematically be expressed as? 


Po-P_ m Where, ny and no represent number of 
Po Dı+ng moles of solute and solvent respectively. 
PoP. W/M: Where, nı=W,/M; ; ng = 


oy) Po W,/My+We/Mz W2/Ms. Wy and We represent 
weights in gms of the solute and solvent respectively. M, and 
Mə stand for molecular weights of the solute and solvent 


tespectively. 
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Abnormality in vapour pressure measurement = 

Abnormality in vapour pressure measurement is seen by 
electrolytes as solute ( viz. NaCl, Ca (NO3)2 etc ), present in the 
solution. Electrolytes yield ions partially in the ‘solution which 
fluctuate the vapour pressure. Thus, abnormality is noted. The 
above Raoult’s law expressions are then moditied according to 
the type of electrolyte dissolved. 


For uni-uni valent electrolyte (viz. NaCl), 


Po—p_. _(l+4)nı . NaCI=Nat+Cl- 
Po (@+4mitne ye x « 


Ws 
po-pi (1+4) M, 


Po Wa Wa 
Cublns ens M, 
Total number of particles after dissociation (ionisaticn) = 
l-4+444=1+44, 
Where, x= degree of ionisation. 
For bi-uni valent electrolyte [viz. Ca (NOs)a], 


Pomp. _(l+24)ny =Catt = 
po (1+#24)ny tna? CANO a eee +2NOs 


or, 


Wy 
ANA 
(+2) Wi Wo 

aM M 


Total 2 = E oe = 
1+2«, a’ number of particles after ionisation=1—%+%+24= 


For bi-bi valent electrolyte (viz, CaSO,), 
iy (+)n,_ ; CaSO,=Catt+SO.77 
Po (+1) +n 3 A < 


1-< 4 
WwW 
z 1 S 
or, pompa S TOM? 
Po WwW, W 
1 baii 
CELINA ENA 


Total number of particles after ionisation=1—4+4+4=1+4. 
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Solved problems : 

1, A solution contains 5 gms of urea (molecular weight=60) 
per 100 gms of water. What will be the vapour pressure of this 
nat 25°C 7? The vapour pressure of pure water at this 


solutio 
temperature is 23°76 mm. Calcutta. U. B. Se. 1978. 
Do pa Wi/M, — or, 23:'76=p___ 5/60 
Po Wa/Mı+tW:/Ma2 PREG 5/60+ 10 
18 
p=23'084 mm. 


2. Given the density of water to be 1 gmicc which of the 
following two solutions will have lower vapour pressure ? 

(i) 1molal aqueous solution of cane sugar. (ii) A cane 
sugar solution in which the mole fraction of cane sugar is O1. 


Calcutta. U. B.Sc. 1977. 


Porph 0s o poc pE nrl- _, 18 
Qe mae pee | LAGE TOIS 
18 18 _p p _1000 


aR oe ee Pos 
of, 1-7 = i918 % 1 7018p,” pe 1018 
or, p= Po or, p=0'982 po `.’ 1 molal soln=1 gm mole 


solute dissolved in 1000 gm solvent. 


(ii) P2=P=01 or, 1-2 =01 or, 1-01=2 or, p= 
Po Po Po 
0'9 pp. Since the vapour pressure of pure water (po) becomes 
constant at definite temperature, the vapour pressure of 1 molal 
aqueous solution of canesugar is greater than that of the cane 
sugar solution in which the mole fraction of cane sugar is 0'1. 
3. The vapour pressure of a solution containing 6°69 gms of 
Ca (NOsz)» in 100 gms of water is 746°9 mm of Hg at 100°C. 
What is the degree of dissociation of the salt ? [Molecular weight 


of Ca (NOs). =164] Calcutta. U. B. Sc. 1974. 
Ww 
1+24) 4 
Po- P= ( ane 
Po Wa 2 
(+20 + M, 


Ca(NOg,)o=Ca** +2NO;7 
1-4 a 2x 
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6°69 
or, 260—7469_ (+29i67 
760 6'69 , 100° 


Total number of particles=1+2«. « stands for degree of 
dissociation. 


*=0'699 .°. %dissociation=69°9. 

4. Dry air was passed through a solution containing 50 gms 
of a solute in 100 gms of water and then through water. The loss 
in weight of water was 0'05 gm. The wet air was then passed 
through concentrated sulphuric acid whose weight was increased 
by 2gms. What’ is the molecular weight of the dissolved 
substance ? Lucknow. U. 1969, 


Po=p___W,/M, or, RO=P 
Po W,/M,+We/Mz Po 


Ma Now, loss 


in weight of water=0'05=k(po — p) and gain in weight of HaSO4 
=2=kpo. Where, k=proportionality constant. 
005 50M, 


7 =351. 
100 Ge 1 
50/M, +100 


Elevation of boiling point : 


Boiling point of a liquid is the temperature at which the 
vapour pressure of the liquid is equal to 760 mm of Hg i.e., 
Normal atmospheric Pressure. Elevation of boiling point is seen 
wien a non-volatile and non-electrolyte solute is added to a 
solvent (liquid), There are two laws on the elevation of boiling 
point due to Raoult, The laws stated as follows : 

Lawl! The elevation of boiling point of a solvent by a 


dissolved solute js directly proportional to the molality of the 
solution. 


_ Law 2, Equimolecular amounts of different solutes dissolved 
in the same amount of the same solvent elevate the boiling point 
to the same extent, 

From Law 1, AT,«Cm. (Mere, Cm= molality of the solution, 
If ‘a? gms of a solute of | AT,=elevation of boiling point. 
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molecular weight M be dissolved inb gms ofa solvent, then 


ax1000 . ax 1000 ax 1000 
Cm= bxM A T, bxM °P AT, =K, bXM” 


Where, Ky, is a constant for the solvent, known as the 
ebullioscopic constant or molal elevation of boiling point 
constant. Whena=M and b=1000i.e.; Cm=1 molal, we can 
write, AT,=Ky. Hence the ebullioscopic constant or the molal’ 
boiling point elevation constant of a solvent may be defined as 
the elevation of boiling point of the solvent when 1 mole of 
a non-volatile and non-electrolyte solute is dissolved per 1000 gms 


of the solvent. 
From Van’t Hoff’s theoretical formula, we have, 


x 2 
Ke =o ete . Where, To=boiling point of pure solvent in 


°A, Iv=latent heat of vaporisation of pure solvent in cals 
per gm. : 
For water, Tp =373°A and lv=540 cals/gm. 


F 2 
K, o = 05152. 


Abnormal elevation of boiling point : 

Abnormality in boiling point measurement is noted due to 
electrolyte as solute present in the solution. The Raoult’s law 
expression is then modified with respect to the type of electrolyte 


dissolved. 


For uni-uni valent electrolyte (viz. KCl), 


1+%)ax1000. KCI=K*+Cr. 
ATs=Ki to ie <x 


Total number of particles after dissociation =1—-4+44+4= 
1+, Where, «=degree of dissociation (ionisation). 
For bi-uni valent electrolyte ¢[viz. Ba(NOs)o], 
=>] + = 
AT K, taoa x1oco s Pomo +2NOs í 
Total number of particles after ionisation=1—4+«+42« = 
1+2«, Where, 4=degree of ionisation. 
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For bi-bi valent electrolyte [ viz. FeSO,], 
Spt -- 
AT, =k, 2+ x 1000 For foger de taO, 


bxM 


number of particles after ionisation=1—«4+4+4=]-44, 
Where, 4=degree of ionisation 3 i=Van’t Hoffs factor 
= Observed elevation of boiling point LAT. 
Theoretical elevation of boiling point AT,° 
i=1+« for uni-uni and bi-bi valent electrolyte. 
i=1+2« for uni-bi or bi-uni valent electrolyte. 
Solved problems : 


> total 


1. A5% (wt/wt) aqueous solution of a substance shows a 
‘boiling point elevation of 0°85°C ; calculate its molecular weight. 
(Given : molal boiling point elevation constant of water =0°516°C). 
‘Calcutta, U. B.Sc. 1977. 


AT, =K, 22100 or, 0'85= 2516 x5 x 1000 :. M=31'96. 


2. The normal boiling point of CHClg is 61'20°C and its 
t of vaporisation is 59 cals/gm. In 50 gms of CHCl, is 
dissolved 0'5 gm of an organic substance and the boiling point of 
the solution is 61°42°C. Calculate the molecular weight of the 


solute, : Calcutta. U. 1970. 
K, —0'002T 5? —0°002(273)4 61°42)2 
lv 59 


ihea 


=3'786. 
‘786 x 0'5 x 1000 
Now, AIR K,® 1000 or, 6142- 6120=2786x05 x10 
M=172'09, 


ae eC (NOI ai dissiveaiedo eu water” Belling 
Point of the solution is 100'975°C. Calculate the degree of 
wonisation of Ca (NO3)q. Molal elevation per 1000 gm water= 
052°C, Magadh. U. 1975S. 

AT, =K, (taoa «1000 

x 
; ‘23 x 1000 

or, (100'975— 199) = 0524 +E x 128 x 
x=0:75 or, % ionisation=75 [Mol wt of Ca(NOs)e 


=164]. 
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4. A solution of 3g ofa substance in 100g of water had a: 
boiling point of 100°26°C. Calculate the molecular weight of 
the substance if the molal elevation constant of water is 0°52. 


TESS. CIE. 1979) 


ax 1000 S57 2 05 x 
bxM 7 g26= O 
052x 30_52x3_156 60 
0°26 0'26 026 i 
5. What is the boiling point of a solution containing 10 gms 
of urea (CONgH,) in 100 gms of water [ K100 for water=5'2 ] 


Magadh. U. 1969A.. 


To =Kp x 


M= 


Kiooo for water 2522052. 


10 
N _0°52% 10 x 1000 
hie es 100 x60 
Or, AT,=0'866°C '.` boiling point of pure water=100°C’ 


boiling point of the solution = 100+ 0°866= 100'866°C. 

6. 1gm sugar is dissolved in 105 gm water. Boiling point of 
the solution at 760 mm pressure is 100°060°C. How much water 
is to be added to the solution so that the boiling point of the 
solution decreases to 100°045°C. Magadh. U. 1976 A. 


=g, 21000 ene K, 1X 1000 
AT» =Ky Toy 0 O060— Ke 95 34a 


mol. wt. of sugar=342. 


Aea aa GU = 


bx 342 

b=139'25 gms=amount of solvent. 

Amount of water added to the soln=(139'25-105) gms: 
= 34°25 gms. 


Depression of freezing point : 
Laws on depression of freezing point = 
Law1: The depression of freezing point of a solvent by: 


“added non-volatile and non-electrolyte solute is directly propor-- 
tional to the molality of the solution. 
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Law 2. Equimolecular quantities of different solutes dissolved 
in the same quantity of the same solvent decrease the freezing 
point to the same extent. 

In the similar manner as in the case of elevation of boiling 


point, the expression, AT; =K; 2x100, can be deduced. 


Where, AT; =depression in freezing point ; a=amount of 
solute in gms; b=amount of solvent in gms; M=molecular 
weight of the solute and K;=a constant, known as the cryos- 
‘copic constant or the molal depression of freezing point constant. 
Similar to elevation of boiling point, the cryoscopic constant 
or the molal freezing point depression constant of a solvent may 
be defined as the depression of the freezing point of the solvent 


when 1 mole of a non-volatile and non-electrolyte is dissolved 
per 1000 gms of the solvent. 
From Van’t Hoff’s theoretical formula, 
0" 2 z 3 i 
K;= nt where, To=freezing point of pure solvent in 
> 


“A, ly =latent heat of fusion or melting of pure solid solvent in 
“Cals per gm, { 


For water, To =273°A and l; =80 cals/gm. 
m K, = 0002X (273? _ 1863, 


Abnormal depression of freezing point : 

Abnormality in freezing point determination is observed 
because of electrolyte as 
The Raoult’s law expressi 
the type of electrolyte di 


solute being present in the solution. 
Onis corrected then with respect to 
ssolved in the solution. f 

For uni-uni valent electrolyte, bi-uni valent electrolyte the 
“corrected expressions are, 

AT,=K, +a x 1000 and AT, =K,(1-+24)a%1000 
respectively. 


AT, =Ks1+4)a x 1000 
bxM 


for bi-bi valent electrolyte. 
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observed depression of freezing point 


i=Van’t Hoff’s factor= A z 1 
z theoretical depression of freezing 


point 

LATI = 
“AT; 

i=1+2« for uni-bi or bi-uni valent electrolyte. 


=1+4 for uni-uni and bi-bi valent electrolyte. 


Solved problems : 


1. A solution of 0'873 gm of a substance in 50 gms of benzene 
showed a freezing point depression of 0°75°C, Calculate® the 
molecular weight of the substance if the molal freezing point 
depression constant of benzene be 5'12. Calcutta. U. B.Sc. 1975. 


AT,=Ky. a%1000 5 0756 gabos «1000, Meee: 


2. The heat of fusion of acetic acid is 44°7 cals/gm at the 
melting point 166°C. Calculate the molal freezing point deression 
constant (Kz) for acetic acid, Calcutta. U. B. Sc. 1972. 

2 
0 002 = 0 pec 6) =375 
[. melting pt=freezing pt] 

3. 1'26 gm NaCl is dissolved in 50 gm water. Freezing point 
of the solution is 153°C. Calculate the degree of ionisation of 
NaCl. [Ky per 1000 gm water=1°86] Magadh. U. 1974S. 


K tax 186(1-+<)1'26 x 1000 
ATs= bxm 0% 53e- o3a55) 
«=0'9098.%dissociation = 90°98. 


K;5=— 


4. The freezing point of water was lowered by 0°19°C by 
dissolving 0°152 gm of the substance in 25 gms of water. Calculate 
the molecular weight of the substance. Molecular depression 
constant of water (100gm)=18°5. Indian School certificate 
Examination, 1978. 


Ks(100)_ 18'5 aX 1000 
AIO 10 =185. Now, AT; =K;. BaN 


1°85 x 0'152 x 1000 
as Mar 25x Mie ve 


K4(19000)= 


M=59'2. 


or, 
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5. 1°355 gm of a substance dissolved in 55 gms of acetic acid 
produced a depression of 0°618°C in the freezing point. Calculate 
the molecular weight of the dissolved substance. The molecular 
depression of freezing point of acetic acid is 38'5°C in 100 gms 
of acetic acid. Bihar. U. 1967 A,’69A ; Magadh. U. 735,745 ; 
Patna. U."75A. 


K; : 
*;(1000)= -000 _ 385 = 3'85. Now, AT; =Ky. XU 
or, O61g=385x1355x1000 M1535, 


6. When 0'32 gm of naphthalene (Cy9Hs) is dissolved in 40 
gms of benzene, the freezing point of benzene is lowered by 
0°312°C. When 0°4 gm of another substance is dissolved in 55 
gms of the same solvent, the observed depression of freezing 
Point is 0°252°C. Find the molecular weight of the second 
substance. Patna. U. 1974 A, 1975A. 

AT, =K,.2% 1000 310=K, 0392x1000 . = 4'992. 

j Sara or, 0°312 KAOKS aa, Ke 
Again, 0:252—4992 x04 x 1000 


XM +. M=144:07. 


Osmosis and osmotic pressure : 


Phenomenon of the spontaneous flow of solvent molecules 
from the solution of lower concentration to higher concentration 
when they are Separated by a semi-permeable membrane, is called 
osmosis, 

Semi pèrmeable membrane: A membrane which allows the 
solvent molecules to pass through it but not to solute molecules 
is known as semi permeable membrane. e.g., cellophane paper, 
calcium silicate, egg shell, copper ferrocyanide [CugFe (CN)6], 
animal bladder etc, 

Osmotic pressure: It is the mechanical pressure that must 


be applied ona solution to prevent osmosis" of the solvent into 
the solution. 
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Laws of osmotic pressure ° 

1. At constant temperature the osmotic pressure of a solution 
is directly proportional to its concentration. 

2. At the definite concentration of a solution, the osmotic 
pressure of the dilute solution is directly proportional to its 


temperature. 
3. Under the same conditions of temperature and osmotic 
Pressure equal volumes of all solutions contain an equal number 


of moles of solute. 

From 1st and 2nd Law of osmotic pressure, we can write P= 
CRT. Where, P=osmotic pressure, C=concentration of solution, 
R=a constant having magnitude equal to molar gas constant and 
T=absolute temperature of the solution. This equation is known 
as Vant Hoff’s equation for osmotic pressure. 

or, PeoRT. Where, =<, n=number of gm moles of solute 
and V=volume of the solution in litres. When P is expressed in 
atmospheres, R=0'0821 lit. atm/deg/mole. 


or, PV=nRT=W Ripa. n=W. Where, W=weight of 
solute in gms and M=molecular weight of the solute. 


Abnormal osmotic pressure * 

Abnormality in osmotic pressure determination is observed 
because of electrolyte as solute being present in the solution, 
The above expressions are then corrected according to the type 
of electrolyte dissolved in the solution. 


For uni-uni valent electrolyte + 

P=(4+9CRT; Pa(1ta)2 RT; PV=(+0¥ RT. 

For uni-bi valent electrolyte 

Pa(14+2<) CRT; P=(L+24)q, RT; PV=(1+2«) RT. 
16 
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For bi-bi valent electrolyte : 
WwW 
P=(1+«) CRT; P=(l+4)5 RT; PV=(1+«)5, RT. 


Where, « stands fcr degree of ionisation. 
observed osmotic pressure 
theoretical osmotic pressure 


i=Van’t Hoff’s factor = 


i=1+« for uni-uni valent electrolyte. 

i=1l+a« , bi-bi a "m 

i=1+2x,„ uni-bi ,„ 5 

Isotonic solutions = 

The solutions having same osmotic pressure are called isotonic 
solutions. 


Solved problems : 

1. 2°25 gms of a non-volatile solute when dissolved in 500 ml 
of water exert an osmotic pressure of 0°6 atmosphere at 25°C. 
Calculate the molecular weight of the solute. Bombay, U. I. Sc: 
1976. 


50051225N 

PV = M W RT or, 06x 1000 M 0°0821 x (273+ 25) 

te = 183'27. 

2. Calculate the osmotic pressure of a 0°825(M) sucrose 
solution at 20°C. Calcutta. U, B. Sc. 1978. 

P=CRT or, P=0'825x 0'0821 X (273+20) =19'84 atms. 

3. A 1% solution of KCI is dissociated to the extent of 80%. 
What would be its osmotic pressure at 27°C ? EN U. 1969. 


PV= Q+OFRT or, p. 100 zato 1 


1000 0°0821 x T 


oa 5) 
or, P.0'1=(1+0' ae 45 * 0'0821 x (273+-27) 


Pe 1:8 x 0'0821 x 300 
01x745 

4. A solution containing 11gm per litre ofa non electrolyte 

having a molecular weight of 60 was found to be isotonic with a 


or, =5'942 atms. 
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decinormal solution of sodium chloride. What is the apparent 
degree of ionisation of sodium chloride ? Calcutta. U. B.Sc, 1969. 
P. 1=4} RT-(i); P.1=(1+4)yy RT...(ii) 
lgm mole NaCl=1 gm equivalent NaCI. From equation (i) 
and (ii), we can write, 3 RT=(1+«)0°1RT. 
«=0'83.% dissociation (ionisation) =83. 

5. At 27°C an aqueous solution of a carbohydrate containing 
18gms per 100ml of the solution is found to be isotonic with 
‘another aqueous solution 100ml of which contain 2'923 gms of 
sodium chloride. What is the molecular weight of the carbo- 
hydrate? [Na=23 ; Cl=35'45] Calcutta. U. B. Sc. 1978. 


 p, 100 =3 0'0821(273+27) --- (i) 


1000 
100 21923 in. 
PAU = (14A 2E x 0:0821(273+27) 
100 7 989289 alba V5 K: 
Or) P-T000 G+ 15845 45% 0'0821(273+27)-- (ii) 


‘," «=] (assuming cent percent ionisation of NaCl). From 


@quation (i) and (i), ag 1822 oe “. M=179°969. 


6. The osmotic pressure of a solution of urea at 10°C is 500 
mm of mercury. If the solution is diluted ten times its original 
volume, what will be the osmotic pressure of the diluted solution 
at 15C? Patna. U. 1969 A. 

PV=nRT or, 308 x V =n.0'0821(273-+10)---(i) 

Now, volume of the solution = 10V litres. 

P. 10 V=n.0:0821 x (273+15)...(ii) 

From equation (i) and (ii) we. can write, 


-50 xV- _ PV. p= 500 x 1x 288 = 5X288 
760x283 288 ` 760x283x110 76x283 


= 0'066 atm. 
j f Calculate the osmotic pressure of a sclution obtained by 
mixing (a) 100 cc of 1'5% solution cf vrea (M=€0) end (b) 100cc 
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of 3°42% solution of cane sugar (M=342) at 20°C. Magadh. U- 
1963, 1975A. 


100 cc urea solution contain 15 9.925 gm mole urea. 


60 
100 cc cane sugar solution contain zaa =0' 0l gm mole cane 


sugar. 
200cc mixed solution contain (0°025+0'01) gm mole= 
0'035 gm mole urea and canesugar. 
As the osmotic pressure depends on number of moles of solute 
and not on their nature, we can write. 


200 
= 2 
P. 1000 =0°035 x 0'0821 x (273+ 20) 


or, Px0'2=0°035 x 0°0821 x 293 


p—'035x 00821x 298 293 = 4:209 atms. 


8. A solution of cane sugar is in equilibrium with ice at—2°C. 
Calculate the osmotic pressure of the solution at this temperature, 
given that K, for 100 gms of water is 18°6°C, Magadh. U. 1973S. 

18'6°C depression in freezing point is noted when 1 gm mole 
cane sugar dissolved in 100gm water. 


or, 


©. 2°Cidepression in freezing point is noted when i gm 


mole= 5 gm mole cane sugar dissolved in 100gm water. For 
dilute solution, volume of solventsavolume of solution. 

-. 100cc solution contain 53 gm mole canesugar. 
. density of water=1, 


Now, PV=nRT or, p10 -L x 00821x (273-2) 


1000 93 
3 = 00821 x 271 00821 x271 7 
or, Px01 ls anna P= Bre wari = 23'923 atms. 


Distribution Law : 


When a solute is dissolved in two liquids immiscible with each 
other, the solute gets distributed in two liquids in such a way 
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that a constant ratio exists between the concentrations of the 
solute at a given temperature. This constant ratio is called 
distribution ratio or distribution coefficient or partition 
Coefficient. Mathematically, K= distribution ratio 


—concentration of solute in liquid A 
concentration of solute in liquid B 


Solved problem: 
At a given temperature the solubility of iodine in water is 
0°35 gm/lit. What will be its solubility in CCl, ? (Distribution 
-@atio of iodine in CCl and water is 88). Calcutta, U. B. Sc. 1978. 
solubility of iodine in CCl, 
solubility of iodine in water 
solubility of iodine in CCl, 
0°35 
‘or, Solubility of iodine in CCl,=88 x 0'35 =30'8 gms/litre. 
Henry’s Law: This law states that the mass of a gas dissolved 
in given volume of a solvent is proportional to the pressure of the 


at a given temperature. 


Distribution ratio of iodine= 


or, 88= 


£as at constant temperature. 

The volume (in CC) of a gas reduced to S. T. P. which is 
absorbed by 1ml of a liquid is known as solubility coefficient. 
The volume of a gas reduced to S.T.P. which is absorbed by 1 cc 


‘fa liquid under latm pressure is known as absorption coefficient, 


Absorption coefficient = solubility coefficient x z, 


Solved problem : 

0°06 gm of oxygen dissolves in 1 litre of water at N. T. P. 
‘Calculate the weight of the gas that would get dissolved in 5 
litres of water at 5 atm pressure and 0°C. Bombay. U. I. Sc. 1976. 

We know from the Henry’s law that mass of gas dissolved « 

mass of gas 

pressure of gas 
l litre water at O°C and 1 atm pressure contains 0'06 gm 


Oxygen. 
» 5 oe EA » contain 0'06X5=0°3 S 


Pressure of gas or =constant, 
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Mass of gas=0°3 gm, pressure=1 atm. 
a8 =constant. or, constant=0°3. 
Now, mass of gas per 5 litre water _ 
2. 
5 


“+ mass of gas that would get dissolved in 5 litrewater 
=03xX5=15 gm. 


03 


Problems for practice : 


Lowering of vapour pressure : 

1. AtO0°C the vapour pressure of purewater is 4'58 mm of 
Hg and that of a solution containing 8.8 gms of the solute per 

100 gms of water is 4°559 mm of Hg. Calculate the molecular 
weight of the solute. Calcutta. U. B. Sc. 1967, 69. Ans. 343'88. 

2, Pure and dry nitrogen gas is slowly bubbled through a 
solution of 2'25 gms of a non-volatile organic compound in 150 
gms of benzene and then through pure benzene. The solution is 
found to be 2'154 gm lighter while pure benzene suffered a loss 
in weight of 0°0160 gm. ` Calculate the molecular weight of the 
dissolved substance, Patna, U. 1969 A. Ans. 158°69, 

3. When 2°47 gms of an ester were dissolved in 100 gms 
of a solvent of molecular weight 78, the vapour pressure of the 
solvent was lowered from 75°19 cms to 74'26 cms of Hg. 
Calculate the molecular weight of the ester. Kerala. U. 1971. 

Ans. 153'8, 

4. At 20°C the vapour pressure of ether is 442mm. When 


6l gms of benzoic acid are dissolved in 50 gms of ether the 
vapour pressure falls to 410 mm. Wh 


u atis the molecular weight 
of benzoic acid ? 


Nagpur ; Calcutta ; Punjab 1971. Ans. 1157; 

5. A current of dry air is passed through a solution containing 
5 gms of phenol in 50 gms of water and through pure water. If 
the loss in the weight of former is 1'85 gm and of latter is 0'036 


6m. Calculate the molecular weight of phenol. Ravisankar. U. 
B. Sc. 1973. Ans, 92:93. 
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6. At 20°C, vapour pressure of ether (mol. wt=74) is 
442 mm Hg. A dilute solution of an organic substance contain- 
ing 6'5g of the said substance in 50g: of ether has a vapour 
pressure of 410 mm Hg at the same temperature. Calculate the 
molecular weight of the substance. Calcutta. U. B. Sc. 1980. 
Ans. 132'8. 

7. The Vapour pressure of a 2'1% aqueous solution of a non 
electrolyte at 100°C is 755 mm. Calculate the molecular weight 
of the solute. Bombay. U. I. Sc. 1971. Ans. 57°456. 

8. An aqueous solution (density =1°02) contains 5 gms ofa 
solute per litre. The vapour pressure of water at 50°C is 
92°17 mm and that of solution is 92°02 mm. Calculate the 
molecular weight of the solute. Magadh. U. 1971A. Ans. 5413. 

9. Calculate with Raoult’s law’s help the molecular weight 
of a non volatile organic solute, 10 gms of which when dissolved 
in 100 gms of diethyl ether (mol wt=74) lowers its vapour 
pressure from 442'2 mm to 426'2 mm at 20°C. Calcutta. U. B. Sc. 
1972, Ans, 97°1175. 
10, A solution containing 25 gms of a sugar per 500 gms of 
. Water has a vapour pressure of 18:06 mm at a certain tempera- 


ture. If the vapour pressure of pure water at the same tempera- 


ture be 18°15 mm., calculate the molecular wt of the sugar. 


Calcutta. U. B. Sc. 1973. Ans. 182°773. 
11. 13 gms of any solute is dissolved in 100 gm water. 
Vapour pressure of the solution at 28°C is 27°371 mm. If vapour 
r at that temperature is 28'065 mm., calculate 
L. N. M. U. (Bihar) 1973A. 
Ans. 946. 
-volatile solid when dissolved in 100 gm 
pressure from 2365 mm to 2288 mm 


Pressure of wate: 
the molecular weight of the solute. 


12. 3'5 gms of a non 


water lower its vapour 
Mercury, Determine the’molecular weight of the substance. 


Calcutta, U. B. Sc. 1974. Ans. 21'2, 
13. The vapour pressure of pure water at 0°C is 4579 mm 


of Hg. A solution of lactose (8'45 gm in 100 gms of water) has 
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a vapour pressure of 4°559 mm at the same temperature. 
Calculate the molecular weight of lactose. I. I. T. 1976. 
Ans. 348'2, 


Elevation of boiling point : 


14. When 1'8 gm of a non volatile compound is dissolved in 
25 gms of acetone, the solution boils at 56°86°C which pure 
acetone boils at 56°38°C under the same atmospheric pressure. 
Calculate the molecular weight of the compound. The molal 
elevation constant for acetone is 1°72", Punjab. U. 1970. 
; Ans. 258. 
15. 119 gm of a substance dissolyed in 35 gm of ether 
raised the boiling point of ether by 0°296°C. Calculate the 
molecular weight of the substance. The molecular elevation is 
22'2°C for 100 gm of ether. Ravisankar. U. B. Sc. 1973. 
Ans. 89'25. 
16. A solution of 0'564 gm of a compound in 8'6 gm of 
acetone, boils at 56'75°C. The boiling point of pure acetone is 
56'38°C. If the molecular elevation constant of acetone is 
1°67°/1000 gm what is the molecular weight of the compound ? ; 
Ravisankar. U. B. Sc. 1978. Ans, 296, 
17. A solution containing 0°5 gm of a substance dissolved in 
gms of a volatile solvent (b. p. 10°C) boils at 80°175°C that the 
ent heat of vaporisation of the solvent is 94 cals per gm., 
calculate the molecular weight of the substance, 
Madurai. U. 1969. Ans. 180°4, 
18. A solution of 3'795 gm sulphur in 100 gms of carbon- 
disulphide (b. p. 46°30°C ; AH vap=7400 cals/mole) boils at 
46°66°C. What is the formula of sulphur molecule in the ° 
solution? Jadabpur. U. (West Bengal) B. Sc. 1970. Ans. Sz. 


42 
lat 


Depression of freezing point : 


19. 060 gm of a substance dissolved in 50 gms of water 


lowered its freezing point by 0°37°C. Find the molecular weight 
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of the substance. The molecular depression is 185°C for 100 
gms of water. Ravisankar. U. 1969. Ans. 60. 

20. The molecular weight of phenol is 94 and that of cane 
sugar is 342. A depression of 0°096°C is produced in the freezing 
Point of water when 0'237 gm of phenol is dissolved in 50 gms 
of water. What amount of sugar dissolved in 40 gms of water 
will cause the same depression of freezing point ? Bihar. U. 
1969A. Ans. 0'0689 gm. 

21. A solution of 0'911 gm of a substance in 50 gms of 
benzene showed a depression in freezing point 0°603°. Calculate 
the molecular weight of the substance if Ky =5'12 (per 1000 gms 
of solvent). Calcutta. U. B. Sc. 1970. Ans. 154°703. 

22. Calculate the freezing point of a 2% solution of sodium 
chloride, assuming it to be 90% dissociated (Na=23, Cl=35'5) 
(Kiooo for water=1'85°C), Magadh. U. 1970A. Ans. 1°201°C. 

23. When 0°25 gm of a substance was dissolved in 100 gms of 
water the freezing point ofthe latter was lowered by 0°43°C. 
Find the molecular weight of the substance (molecular depression 
for 100 gms of water is 18'5°C). Meerut. U. 1971. Ans. 107'56. 

24. The solution obtained by dissolving 6 gms of sodium 
chloride in 100 gms of water freezes at—3'1°C. Calculate the 
degree of dissociation of sodium chloride, Ky for water (1000 
gm) being 1°86. Magadh. U. 1967A ; Patna. U. 1973A. 

Ans. 0°62 or 62%. 

25. 2 gms of a substance when dissolved in 70 gms of water 
lower the freezing point by 0°15°C. Calculate the mol. wt. of the 
‘substance (Kyo9 =18'6). U. P. 1978S. Ans. 354°3, 

26. On dissolving a substance of mol. wt. 1547 in 50 gm 
benzene, the freezing point depression was found as 0°603°C. 
Calculate the weight of the substance dissolved, the molar 
freezing point depression constant of benzene (per 1000 gm) 
being 5'12°C, Calcutta. U. B. Sc. 1979. Ans, 0°91) gm. 

27, A soln. containing 1 gm of a non-volatile solute per 100 
gms of water freezes at—0°103°C. Calculate the mol. wt. of the 
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solute. [Cryoscopic constant for water=1'86]. Calcutta. U. B. 
Sc. (A) 1979. Ans. 180'58. 
28. 5m substance dissolved in 50 gm water lowered the 
freezing point by 1'2°C. Calculate the molecular weight of the 

substance. The molecular depression for water is 18°5°C. 
Ravisankar. U. B. Sc. 1975. Ans. 1541°66. 


. Osmotic pressure : 
p 


29. Calculate the osmotic pressure at 25°C of a solution 
Containing 8'96 gms of a compound of molecular weight 286 
dissolved in 100 ml water (R=82'06 ml atm deg-2 mole™+) 

Calcutta. U. B. Sc. 1973. Ans. 7°661 atms. 

30. A solution containing 1 gm ofa substance per 100 cc 
has an osmotic pressure of 309 cms of Hg at 15°C. Calculate the 
molecular weight of the. substance. (R=0'082 lit. atm deg~* 
mole™2). Calcutta. U. B. Sc. 1976. Ans. 236°16. 

31. Calculate the osmotic pressure of N/10 solution of cane 
sugar at 0°C. J. I,T.1976. Ans. 2°24 atms. 

32. Calculate the osmotic pressure of 5% solution of cane 
sugar at 15°C. Allahabad. U ; Rajasthan. U. 1970. 

Ans. 3°453 atms. 

33. The osmotic pressure of a soln containing 3 gms of a 
solute per litre is 0'41 atm. at 27°C. Calculate the mol. wt. of 
the solute. Calcutta. U. B. Sc.(A) 1980. Ans. 180°22. 

34. 40 gms of a substance dissolved in 600 ml water showed 
an osmotic pressure of 82 atm at 0°C. If R is 0'082 lit. atm/deg ; 
find the molecular weight of the substance. Bombay. U. 1971. 

Ans. 182. 

35. Ifa 2% solution of sugar has an osmotic pressure of 1016 
mm at 15°C what is the molecular weight of sugar ? 

Patna. U. 1975A. Ans. 353°3. 

36. A solution containing 20 gms of a substance in a litre of 
solution has an osmotic pressure of 3 atmosphere at 27°C. 
Calculate the molecular wt. of the substance. (R=0°082 lit. atm. 
deg? mole-1), C, U. B. Sc. (New) 1980. Ans. 164. 


PROBLEMS ON DILUTE SOLUTION, DISTRIBUTION LAW 252 


37. Calculate the osmotic pressure of a solution containing 
0'40% urea (mol wt=60) together with 3°42% sugar (mol wt=342). 
at 27°C. Magadh. U. 1970A. Ans. 2'05 atms. z 

38, Calculate the osmotic pressure of N/10 NaCl soln at 
at 27°C, assuming the salt is 90% dissociated at this dilution. 

Mysore. U. 1970. Ans. 4°6797 atms; 

39, De Vries found that 3°42% solution of sugar was isotonic 
with a 5'96% soln of raffinose. Calculate the molecular weight 
of raffinose. Patna. U. 1974. Ans. 596. 

40. A 6% glucose soln is isotonic with 2% soln of an organic 
compound ‘Y’. Determine mol. wt. of ‘Y’. Ravisankar. U. B. Sc. 
1976. Ans. 60. 

41. A 5% soln of cane sugar is isotonic with 0°877% soln of 
urea. Find the molecular weight of urea. Mol. wt. of cane 
sugar=342, Ravisankar. U.1974, Patna. U. 1974. Ans. 59°98, 


Distribution law 

42. 2 gms of iodine is dissolved in a mixture containing equal 
volumes of water and carbon disulphide. The distribution 
coefficient of iodine in carbon disulphide and water is 410. 
Calculate the mass of iodine in water. U. P. I. Sc. 1978. 

Ans. 0.00487 gm. 

43. A solution of 5 gms of iodine in CS, was shaken with the 
same valume of water. What will be the amount of iodine in. 
water? Distribution coefficient=420. U. P. I. Sc. 1978S. 

Ans. 0°0119 gm. 

44. 5g of a substance dissolved in 100 cc of water was. 
extracted with ether in two different ways as follows : 

(i) In the first case 100 cc of the aqueous solution was 
extracted with 100cc of ether and the ether evaporated off, 
(ii) In the second case 100cc of the aqueous solution was. 
extracted twice with 50 cc of ether each time and the combined 
100 cc of ether evaporated off. (1) Which of the two methods 
of extraction gives a better yield of the substance, (2) If the 
distribution coefficient of the substance between water and 
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ether is 1/4 at room temperature, calculate the amount of th 
substance recovered in each of the two.cases. 1. S. C. E. 1979. 
[Soln. K=distribution coefficient of the substance 
—concn of the substance in water 
concn of the substance in ether 


(1) When 100 cc ether used for extraction, let Se gm of the 
substance go into ether layer and Sw gm be left in aqueous layer. 


=4 at room temperature. 


Swf100 s s 4 
So, KESS m EE ip BS 3 e = 4. 
Ka 0 Sh Sgak Ofer SIES a 


This indicates 100 cc ether separate #th or 80% (5 parts 
contain 4 part substance; 100 parts contain $X 100=80 part 
substance) of the substance initially present, (2) Let us now 
use 100 cc ether in two successive extractions employing 50 cc. 
each time. Then in the Ist stage of operation, 


Sw! 100 Sw b £ ; 
5/50 =f or, s; ESS i.e., in the Ist extraction 2/3 rd or 


66°7% substance is extracted. .°, 1/3 rd of the initial amount is 
still retained in aqueous medium. In the 2nd extraction using 
50cc ether, further 2/3 rd of 1/3 rd i.e. 2/9 th of the initial 
amount is extracted. Hence, in two extractions using 100 cc 


ether in total, $4+3=§ or 88'9% of the initial amt. of the 
Substance is extracted. 


So, a two stage extraction is more 
efficient. 


Now, amount of the substance recovered in the one 


‘Operation = 80% = a x5=4g. 


Amount of the substance recovered ina two stage extraction 


=88'9% =889 5 _ 4: 
% T00 x5=4445 g.) 


45. 1°82 gm of an organic acid (eq wt 40) was dissolved in a 
mixture of 200 cc of toluene and 100 cc of distilled water. 25 cc 
of the aqueous layer was found to require 16°3 cc of N/2 NaOH 
solution for neutralisation. Calculate the distribution ratio of 
the organic acid between water and toluene, assuming the acid 
behaves as a normal molecule in both the solvents. Ans. 5'054. 
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46. A mixture of water and bromobenzene boils at 95:2°C.. 
The vapour pressure of water at that temperature is 641 mm. 
The distillate contains 61°83% w/w bromobenzene. Calculate: 
the mol. wt. of bromobenzene. Calcutta. U. B. Sc. 1980. . 

(Hints. Vide steam distillation. 

Let Pbromobenzene ~”? ` Pwatervapour PY 3 ” bromobenzene: 


=n, ; =ñw; mol. wt. of bromobenz 
v i Ryater vapour °} ° ene=M, and 


mol. wt. of water vapour=M,.,. 
Po _ Mp or, 2» — Wel M, 
Pw Ne Pw WulMw 
61'831x641x18 - _ a 
= (760= 641) x (100-6183) Ee 
Po +Pw=760 mm ; Wy +Ww=100.] 

47. The distribution coefficient of iodine between CCl, and 
water is 61'08 at 31°C. What volume of the CCl, layer at 
31°C would contain 5°32 gms of iodine, when 6'l gms of iodine 
are dissolved in 1000cc of a mixture of CCl, and water ? 
(Assume that the volumes of CCl, and water are equal.) 

Ans. 445°70 cc.. 


— Wo X pu X My 


or, M» 
i Po X Wy 


Henry’s law : 

48. The solubility coefficient of oxygeen is 0'05 at 0°C. 
What weight of the gas under 12 atm pressure will be dissolved’ 
in 25 litres of water at 0°C ? Ans. 21°43 gms. 

49. litre of liquid at 27°C dissolves 84 ml of a gas at 2 atm 
Pressure. What are the solubility coefficient and absorption 
Coefficient of the gas ? Ans. 0'084 ml; 0'076 ml. 

50. The solubility of an inert gas at various pressures js 
Measured at 25°C. The following experimental results are 
obtained. 

Pressure of gas (inatm) 32'1 650 800 1100. 

Mass ‘of gas (in gm) 0:0033 00066 0'081 0:0112, 

Show that the inert gas obeys the Henry’s law of solubility, 


CHAPTER 13 


Problems on Atomic structure 
Solved problems : 


1. Fill up the blanks :— Patna. U. 1970. 
Element At wt No of No of No of At No 
neutrons protons electrons 
Na 23 om 11 oo ave 
P So 16 on ase 15 
Ans. Element At wt No of No of No of At No 
4 neutrons protons electrons 
Na 23 23-11=12 11 11 11 
P 31 16 15 15 15 
2. The atomic number of an atom is 19 and its atomic weight 
is 39. Show the ‘atomic structure’ of this element giving the 
composition of the nucleus and the distribution of the electrons 


in its different orbits. Patna. U. 1974A. 
Ans. Atomic number of the atom=19 ,'. number of protons 
number of electrons=19 _',' atomic weight=39 .. number 


of neutrons=39—19=20. Distribution of the electrons in the 
different orbits of the atom is therefore 2, 8, 9 according to the 
2n? rule. Where, n represents path number and 2n? represents 
total number of mobil electrons in the corresponding path (orbit). 


Considering all these facts the atomic structure of this element 
as drawn below, 


X standsfor electron Using Aufbau principleand 

b stands for proton : $ bshell id 

n stands for neutron  CONSidering subshell idea, 
electronic configuration is 
as follows :— 

orbit, ls? 252 2p® 3s? 3p® 3d?. 
S, p, d represent different 
subshells. 


Nucleus 


19b 
20n 
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3. The number of protons, neutrons and orbital electrons in 


particles A—E are given :— West Bengal H. S. 1976. 
Proton Neutron Electron 
A— 11— i 10 
Be 9— 10— 10 
Cc— 17— i 17 
D— 17— 20— 17 
E— 10— 10— 10 


From these particles choose :—(i) an ion; (ii) a cation; 
(iii) an inert gas atom; (iv) a pair of isotopes; (v) two 
particles which may form an electrovalent bond and (vi) an 
atom that can form an acidic hydride. 

Ans. (i) Bis an ion because there is a difference between 
number of electrons and number of protons inB; (ii) A is a 
cation because number of protons is greater than that of number 
cof electrons in A; (iii) E isan inert gas atom because distribu- 
tion of electrons in E is similar to inert structure (Viz. 2, 8) 
arrangement ; (iv) Cand D are isotopes in pair, They have 
same atomic number (number of protons) but different neutron 
number; (v) A and B form an electrovalent compound with the 
help its electrostatic like force as they are two opposite types of 
charged particles and (vi) C atom can form an acidic hydride 
because it easily shares one electron to hydrogen atom. 

4, Name the three fundamental particles which make up the 
structure of the atom of an element.’ How are the atomic number 
and atomic weight related to these three fundamental particles ? 
‘Give the number of these particles’ in chlorine—35 and chlorine 
—37 {atomic number of chlorine=17) and explain your answer. 

West Bengal H. S. C., 1978, 

Naming: Proton, electron and neutron are the three fund- 
damental particles. 

At. No: Number of extranuclear--electrons or number of 
protons in nucleus determines atomic number. At. wt : number 
of protons and neutrons in nucleus determines atomic weight. 
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In C135, number of electrons=17, number of protons=17 

and number of neutrons=18. 

Atom is electrically neutral, hence 17 protons neutralise 17 
electrons. Hence, number of neutrons is 18 to make Cl3° as the 
atomic weight consists of proton and neutron. 

In C187, number of electrons=17, number of protons=17 

and number of neutrons=20. 

Atom is electrically neutral, hence 17 protons neutralise 17 
electrons. Hence, number of neutrons is 20 to make C1?" as the 
atomic weight consists of proton and neutron, 


Problems for practice : 


1. The nucleus of an atom of an element consists of twelve 
Neutrons and eleven protons. What is the atomic weight and 
the electrovalency of the element ? Punjab. U. I. Sc. 1962. 

Ans. 23, monovalent electronegative. 

2, What is the atomic number of an element having atomic 
weight 60 and containing 30 neutrons ? All India H. S. 1970, 

Ans. 30. 

3. The atomic number of phosphorous is 15 and its atomic 
weight is 31. Show the ‘atomic structure’ of this element giving 
the composition of the nucleus and the distribution of the 
electrons in its different orbits. Bhagalpur. U. 1974A. 

Ans. 15e, 15p, 16n ; 2, 8, 5.. 

4. The number of Protons and neutrons in the nucleus of 
an element is 11 and 12 Tespectively. What will be the atomic 
Structure of the element ? Write also the name of the element. 
Patna, U. 1975 A, Ans. lip, lle, 12n, at. wt.=23; 2,8,15 
sodium, 

5. The neucleus of the atom of an element contains 8 
Protons and 8 neutrons. What is the element ? What is its 


valency and why ? What are the number of atoms in 8 gms of 


the element? West Bengal HES. Comp. 1975, 
Ans. Oxygen, 2, 30'115 x 1022. 
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6. Write simply “Yes” or “No” against the statement as 
below :—(a) Feðt+e->Fe?* is an oxidation reaction; (b) ca- 
thode rays are electromagnetic radiations; (c) an atom is elec- 
trically neutral; (d) charge of an electron is equal to 483 x 
10-10 e.s.u; (e) when Be—metal is bombarded with «— 
particles, protons are produced ; (f) molecular and equivalent 
weights are whole numbers ; (g) Sodium chloride and methane 
are electrovalent compounds and (h) vapour density of 
ammonium chloride is experimentally found to be normal. 
Ranchi. U. 1976A. Ans. (a) No, (b) Yes, (c) Yes, (d) Yes, 
(e) No, (f) No, (g) No and (b) No. 5 

7. State with reasons whether the following statements are 
true or false (attempt any four) :—West Bengal H. S. C. 1978. 

(a) Sodium chloride is a covalent compound. (b) Isotopes. 
of the same element have different chemical properties. (c) The 
diatomic molecule AB will be polar, when A and B are different 
elements. (d) Electrolysis is possible only with electro-valent- 
compounds and not with covalent compounds. (e) Avogadro’s 
number can be determined by knowing the charge of the electron.. 
(f) Sodium Chloride is more soluble in a hydrochloric acid 
solution than in water. } 

Ans. (a) False: Sodium transfers its one extra—nuclear: 
electron to the outermost orbit of Cl containing 7 electrons to. 


complete the octet. Hence Na loses one electron, Cl gains one.. 


Na and Cl thus form ionic bond. 
(b) False : Chemical properties depend on the electrons in, 


the outer most shell which remain the same in isotopes. 

(c) True: As different elements have different degrees of 
electronegativities, the diatomic molecule AB will be polar when 
A and B are different elements. 

(d) True: Electrovalent compounds loosely bound bonds, 
ionise easily and hence undergo electrolysis. On the other hand 
co-valent compounds firmly bound bonds, do not ionise and hence 
question of electrolysis does not arise. 

17 
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(e) True: One Faraday (96,500 coulombs) liberates Avoga- 
dro’s number of H* ions. Therefore 96,500 coulombs = Avogadro’s 
number of electrons, 

or, 96500 coulombs = Avogadro’s number X charge of electron 

96500 
Avogadro’s number 
96500 
Charge of electron’ 

Hence Avogadro’s number can be determined by knowing the 
charge of the electron. 

(f) False: Sodium chloride is less soluble in a hydrochloric 
acid solution than in water because of common ion effect. 

8. Calculate the energy released when 0'025 gm of matter is 
destroyed. Hyderabad I. Sc. 1977. 

Ans. Mass of the matter=0'025 gm; C=velocity of 
light=3X10!° cms/sec. Now, E=mc2=0°025x(3 107°)? 
= 225 x 1027 ergs. 

E=mc? is the Einstein’s law of mass energy equivalence. 

9. Give the electronic configuration of the carbon atom. 
W. B. H. S. C. 1978. Ans. 6n, 6p, 6e (1s, 25%, 2p). 

1 Calculate the number of electrons transferred from 
sodium to chlorine during the formation of 58°5 gms of sodium 
chloride. Indian School Certificate Examination, 1978. Ans. 1. 

TET ae table shows the mass numbers, the number of neutrons 
B, Cand Vee energies in electron volts of four elements A, 
and D. Indian School Certificate Examination, 1978. 


or, charge of electron= 


Avogadro’s number= 


A B C D 

Mass number 23 20 12 35 

Sane) in nucleus 12 10 6 18 
Onization energies S‘le.v. 21'6e.v. Ilev. 13e.v: 


A : : 
Bucs down the atomic number of the element D. (b) 
sie ORG structure ofithe element A can be written down 
: a » 25”, 2pë, 3st, In the same way write down the structure 

6) F 
e element D.” (c) Why is the second ionization energy 
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of an atom always larger than the first? (d) What will be the 
nature (ionic or covalent) of the compounds formed by :—(i) A 
and D; (ii) Cand D. (e) In a text-book it is stated that the 
atomic weight of chlorine is 35°5 rather than 35 or 37. How do 
you account for this? (f) The atoms X and Y have the elec- 
tronic configurations X, 1s®, 2s?, 2p°, 3s?, 3p®, 3d1°, 4s? ; Y, 1s, 
2s2, 2p. Write down the formula of the compound formed by 
Xand Y. - (g) Show on a labelled sketch the shapes and spatial 
distributions of all the orbitals of principal quantum number 2. 

12, State the electronic configuration and valency of an 
element whose mass number is 39 and atomic number is 19. 
W. B. J. E. E. 1977. Ans 1s22s22p%3s23p53d! ; 1. 

13. Note down the number of electrons present in the outer 
most shell of the fcllowing elements ¢ O, Al, P, Mn, Sn, Ne, Cl, 
Ag. Ranchi. U. 1978. 

14, Choose and write the correct answer in each case 3 

(a) As <—particle goes closer to the nucleus :—(i) the force 
‘of repulsion increases enormously, (ii), the force of repulsion 
decreases enormously, (iii) the force of repulsion does not show 
any change. (b) Atomic number of an element is equal to the 
number of—(i) electrons in its orbit, (ii) protons in its nu- 
cleus, (iii) neutrons in its nucleus, (c) An element has atomic 
weight of 23 and its atomic number is 11. Hence the number of 
neutrons in it will be—(i) 12, (ii) 23, (ii) I, (d) Tf m 
denotes the number of orbits, then the maximum number of 
electrons that can exist in an orbit is given by—(i) n; (ii) 2n?; 
(iii) n3. (e) An electron will first of all occupy the- (i) s- 
orbital; (ii) d-orbital ; (iii) p-orbital. : (f) Outer most orbit 
of an inert gas contains :—(i) 8 electrons, (ii) 18 electrons ; 
(iii) 32 electrons. Ranchi. U, 1977. 

15. (i) The total number of electrons in one molecule of 
carbon dioxide is (a) 22 (b) 44 (c) 66 (d) 88. (ii) The 
number of neutrons in dipositive zinc ion with mass number 
70 is (a) 34 (b) 36 (c) 38 (d) 40. I,J. T. 1979, 

16. Name the three fundamental particles which make up 
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the structure of the atom ofan element. How are the atomic 
number and mass number related to these three fundamental 
particles? An atom of an element contains 17 protons and 18 
neutrons in its nucleus. What isits (i) atomic number, (ii) 
mass number ? How many electrons does the atom contain and 
how are the electrons arranged in the shells of the atom? 
W. B. H. S. C. 1979 (Voc). Ans. electrons, protons and neutrons, 
number of protons ; number of protons+neutrons ; 17 ; 35 ; 17; 
2, 8, 7 or 1s22s22p83s?3p5. 

17. The atomic number of an element is 35 and atomic 
weight of two ofits isotopes are 79 and 81. Find out (1) the 
number of electrons in the outermost orbit (2) valency of the 
element (3) the number of neutrons and protons in the nuclei 
of the two isotopes. P. M. T. Allahabad. 1970. 

Ans. 7, —1, 35, 44 & 35, 46. 

18. Given the atomic number of element, which of the 
following can you find and which not? (a) The number of 
electrons in the atom, (b) The atomic weight, (c) The number 
of isotopes, (d) The total positive charges on the nucleus, 
(e) The number of neutrons in the nucleus and (f) The number ~ 
of protons in the nucleus. Uttar Pradesh I. Sc. 1970. 

19. Write in brief about the atomic structure of fluorine and 
phosphorous. Roorke Adn, T. E. 1976. 


; 20. Note down the electronic configurations of the following 
atoms : 


Elements Na 


Cc X Ra 
At. No. 11 S i = 


20 30 54 88 

A Ranchi. U. 1979. 
21. Calculate the wavelength associated with an electron 

(mass 9'1x 10-31 kg) moving with a velocity of 10° m/sec. (h= 

66x 10-84 kg m? sec™1), I. S. C. E. 1979. Ans. 0725x10-6m. 


l Hints a= A]. 


22. Find (i) the total number of neutrons’; (ii) the total 
mass of neutrons in 7 mg of 14C, (Assume that mass of a neutron 
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=mass of hydrogen atom.) and (iii) the total number of ele- 

ctrons present in 13 ml of water. I. I. T. 1980. 

Ans. (i)24092 x102° ; (ii) 24092x 102° gms ; (iii) 6023x104. 
24. Explain why dilute HSO, behaves asa stronger acid 

than conc. HaSO,. W. B. J. E. E. 1980. Ans. With the 

dilution of conc. HaSO4, heat is evolved. This heat breaks the 

O-H bond, so dil. acid contains more of Ht ions than conc. 


H_SO,4. Hence, dil HgSO, behaves as a stronger acid than 
conc, H2804. 


25. (a) Show the distribution of electrons in different shells 
and subshells of three elements A, B and C having atomic 
numbers 1, 11 and 17 respectively. State the nature of valencies 
shown by a compound of B and C and a compound of A and C. 
Indicate the groups in the periodic table to which B and C can 
be included. (b) Account for the following :—{i) Atomic 
weight of an element is fractional, but the atomic mass is a whole 
number. (ii) Water has boiling point much higher than those of 
hydrides of other elements of the same group as oxygen. W. B. 
J. E. E. 1980. Ans. (a) K(1s*) ; K(1s?) L (2s22p®) M (351); 
K (1s3) L (2s?2p°) M (3s23p°) ; electrovalency ; co-valency ; 
a & VII. (b) (i) atomic weight is fractional because the element 
contains isotopes in diferent proportions. Atomic wt. is the’ 
mean of the wts of these isotopes. As atomic mass is equal 
to the no of protons and neutrons both are complete numbers, it 
is whole number. (ii) Due to covalent linkage and hydrogen 
bonding. ; 

26. The electron arrangement of an element is ls? 2s? 2p® 
3s? 3p2 (i) What is its atomic number ? (ii) If its atomic mass 
is 27 state the number of each type of particles present in its 
nucleus. (iii) What is possible valency? (iv) What is its 
position in the periodic table ? Ans. (i) 13; (ii) 13p, 14n ; (iii) 
3 and (iv) IA. W. B. H. S. C. 1980. 

27. (a) What are the similarities between the solar system 
and the atomic structure? What are the dissimilarities ? 
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(b) What do you understand by the statement tHat the mass 
number of chlorine is 35 ? (c) Which of the following statements 
are correct? Rectify the incorrect statements. (i) There are 
Protons and electrons in an atomic nucleus. (ti) Neutrons are 
Positively charged particles. (iii) Atomic numbers of isotopes 
are different but their mass numbers are equal. (iv) Two 
electrons revolve in the orbit of the helium atom. 
W. B. H. S. C. (Voc) 1980. 

28. Calculate the momentum of a particle which hasa de 
Broglie wavelength of 1°A (i.e. 10-29 m); h=6'6 10-34 Kg m2? 
sec. I. S.C. E. 1980. Ans. 6610-24 Kg m secu}, 

29. Calculate the bond order of Heg*, Og and Ng molecules. 
I. S. C. E. 1980. Ans. 4,2,3 


30. (a) Chlorine has two types of atoms of atomic masses 

35 and 37 respectively. The atomic number of chlorine is 17. 

State the composition of their nuclei and their electronic confi- 
gurations. (b) What is the difference between 20 and Os? 

W. B. J. E. E. ( Polytechnic ) 1980. 


aens, (a) 17p, 17e, 18n; 17p, 17e, 20n; 2,8,7; 1s?2s22p8 
3s23p5 (b) 2 oxygen atoms ; diatomic oxygen molecule. 7 


CHAPTER 14 


Balancing a Chemical Equation 
Oxidation number method : 


aeien a pubsiance is oxidised its oxidation number (O.N.) gets 
number aena when the substance is reduced its oxidation 
same time seen When a substance is oxidised, at the 
number i another substance is reduced. The change in oxidation 

Is explained y Some examples. Before giving examples 


cuneate are written bellow which will be helpful to note the 


Rules : 


1l. Oxidation number of all elements in free state is consi- 
dered to be zero, $ 


x 2. Ina compound oxidation number of hydrogen and oxygen 
‘considered +1 and —2 respectively. ‘+’ sign indicates in- 
ON in oxidation no where as “—” sign indicates decrease in 
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3. Sum of the oxidation number of all the elements present 
in a compound is taken as zero. 

Note: In hydrides like NaH, oxidation number of hydrogen 
is —1. In peroxides like NagQ3, H303, oxidation number of 
oxygen is —1. In SbH,, Sb is negative otherwise a metal atom 
is usually positive. In F20, oxidation number of oxygen is +2. 


Examples * 

1. Find the oxidation number of Mn in KMnO, or MnO,7 
and C in C.H,. West Bengal H. S. C.1978 ; U. P. 1977, ’78. 

(a) Let the oxidation number of Mn be X. Oxidation number 
of one atom of K=+1; oxidation number of 4 atoms of oxygen 
=—2x4=-8 .', 1+X—8=0 (Vide. rule 3). 2. K=+7, 
Oxidation number of Mn in KMnO; is therefore+7. (b) Let the 
oxidation number of C be X. Oxidation number of 4 hydrogen 
atoms=4X(+1)= +4. .. 2x+4=0 or, 2X=-4 ., X=-2. 
Oxidation number of C in CoH, is therefore —2. 

2, Find the oxidation number of C in (a) CH4 ; (b) CHa 
and (c) CeH¢- 

Let the oxidation number of C be X. 

(a) Oxidation number of 4 hydrogen atoms = +4. 


Now, X+4=0 s.: k= 4. 

(b) Oxidation number of 2 hydrogen atoms=+2. 

Now, 2X+2=0 oscil, 

(c) Oxidation number of 6 hydrogen atoms= +6. 
Now, 6X+6=0 .. X=-1. 


3. Find out the oxidation number of Cr in (a) KCrO; and 


€b) K CrO4. U. P. 1978. 
Let the oxidation number of Cr=X. 
(a) Oxidation number of 2 potassium atoms=2(+1)=+2 
and oxidation number of 7 oxygen atoms=7(—2)=—14, 
Now, 242X-14=0 .. X=t+6 
(b) Oxidation number of 4 oxygen atoms=4(—2)=-8, 
Now, 2+X—-8=0 .. X=+6. 
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4. Find the change in the value of the oxidation number of 
‘C, when COg is oxidised to H2CO3. 


+4 -4 
Oxidation number of C in CO; = +4. 


Ozidation number of C in Hac o= +4. 
change in the value of oxidation number of C=(+4)— 
(+4)=0. 
5. Find the increase in the value of the oxidation number 
of S, when H,S is oxidised to (a) S and (b) SOx. 


Sa nyy 4 
(a) Oxidation number of S in Has= —2, oxidation no of S in 

free state=0 (vide. rule 1.). So, increase in the value of the 

‘oxidation number of S, when H.S is oxidised to S=O—(—2)=2. 


+4a-4 Bi z 
(b) Oxidation number of S inSOg=+4; so, increase in 
the value of the oxidation number of S, when H3S is oxidised to 
SOg=(+4)-(—2)=6. 
6. Find the decrease in the value of the oxidation number 
. of nitrogen when HNO; is reduced to (a) NHs and (b) NaH. 


-6 5 . 
(a) Oxidation number of N in H NOs =+5; oxidation 
number of N in N H,= =3. 
“| decrease in oxidation number=5- (—3)=8. 


Decides =at 
Oxidation number of N in NH4 = —2. 
decrease in oxidation number =5-(-2)=7. 
Method of balancing : 


hen a reaction Occurs in between an oxidising agent and 
ucing agent, the oxidising agent gets reduced and its one 
e elements’ Oxidation number decreases, on the other hand 
teducing agent Sets oxidised and the oxidation number of 
ts one of the elements increases. Now, find out decrease 


and increase in oxidation number in 1st and 2nd case respectively. 
Multiply the value of increase in oxid 


a red 
of th 
the 

of i 


lation number of the 
reducing agent with the oxidising agent and the value of decrease 
4n cxidation number of oxidising agent with the reducing agent. 
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Thus left hand side of the chemical equation is obtained. From 
the left hand side, the right hand side of the equation can easily 
be written, ‘ 


Examples : 

1. Stannous chloride reduces ferric chloride to ferrous 
chloride and is itself oxidised to stannic chloride. 

Equation of this reaction is as follows +— 

+s +2 +2 +4 

FeCl,+ SnClg—>FeCls +SnCl4. 

In this reaction, oxidation number of iron decreases from 
43 to +2 and oxidation number of tin increases from +2to +4. 

ie. increase in oxidation number of tin=2 and decrease in 
oxidation number of iron=1. 

We can write, 2FeClg+SnCla>2FeCle +SnCl,. 

The above equation is thus balanced. 

2. When SOg is passed into KMnO, solution, the former 
(SOg) is oxidised into H,SO3%, and the latter (KMnO4) is reduced 


to MnSQ,. 
Equation of this reaction is written as follows = 


+4 +T +6 +2 

ISÔ, + YKMnO, >H S04 +KS04 +MnS04 

X =decrease in O.N of Mn=7—2=5; Y=increase in O.N. of 
$=6-4=2, .'. LHS. of the equation=5SO3 +2KMnO, 

To write R.H.S. of the equation : 

2K from the L.HLS. give one molecule of KgSO,. 
2Mn i s „ two molecules ” MnSO,. 
5SOs » » » 5 ” 4 H,SO,. 

Out of 5 molecules of H,SO4, one molecule is used for the 
production of K¿SO4 and two molecules, used for the production 
of MnSQ,. .’. residual number of molecules of HgSO,=5—1 
—2=2. So, the equation is re-written as? 

5SO4-+2KMnO.>K SO, + 2MnSO4 +2H250,. 

The above equation is not balanced because there are 4 
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hydrogen atoms in the R. H. S. of the equation whereas there is 
_nil number of atoms of hydrogen in L. H. S. 

To make equality in the number of atoms of hydrogen in the 
both sides of the equation, 2H2O is added in the L. H, S. 

The equation is again written as? 

5SO2+2KMnO,+2H20->KSO, +2MnSO,+2HeSO,. 

Now, see the total number of atoms of oxygen in the both 
Sides of the equation. It is twenty in each side. Hence, the 
above equation is balanced one. 

3. When ferrous sulphate is treated with HNO; in presence 
of H SO4, it is oxidised into ferric sulphate and’ nitric acid is- 
reduced to NO. 


Equation of the reaction can be written as 


+2 +5 +3 +2 
XFeSO.+YHNO, =Fes(SO,)3+NO+... 

X=decrease in O, N. of nitrogen=5—2=3; Y=increase in 
O.N. of Fe=3-2=1, .*, L:H.S. of the equation =3FeSO,+HNOs. 
SFeSO, give } Fea(SO4)s. *.’ number of molecules should be: 
whole number .'. to make $as whole number multiply 2 with 
the left hand side of the equation. 

So, L. H. S, of the equation =6FeSO, +2HNO3. 

Now, 6Fe from the L. H. S. produce 3Feg(SO)s 5 

Nees. Py S 7 2NO. 
equation is written as 6FeSO4 +2HNOs>3Fea(SOa)s 
+2NO+ 
To equal the number of SO, radicals in the both sides of the: 
ye, equation, 3H2S0; are added in the L. H.S. 
Again, 8H from the L. H.S. produce 4H,O. .'. the equation 
can be written as 6FeSO, +2HNO; +3H S0; = 3Fe (504) + 
2NO+4H,0. 
Whether the equation is balanced, checked by the number of 


pareen atoms in the both sides of the equation, The number is. 
42 in each side, 


4, H 


abo 


2S reduces orange KCrO; solution, acidified with 
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dilute HySO,, to green Cra(SO4)s and KgSO,, S and H,O are 
also produced in the reaction. 

Equation of the reaction is written below. 

XH,S"?+KeCr,0,>S°+K2SO04+Cre*3(SO.)3 HHO 

X=decrease in O.N. of Cr=6—3=3 

Here, one molecule of KgCreO, contains 2Cr(+6) atoms 
which is equal to increase in O.N. of S. That is why KCrO; is 
not multiplied with 2. 

The equation is therefore 3HgS+KzCr20,>S+K.2SO4+Cre 
(S04) +H,O. 3H2S molecules produce 35 atoms; 2K atoms 
produce one KgSO, molecule and 2Cr atoms produce one Cre 
(SO4)3 molecule. As there are 4SO, radicals in the R. H.S. of 
the equation, 4H 2SO, molecules are added in the L. H. S. 

The equation is re-written as 

3H.S+KeCr2O, + 4H.SOs>3S+K-SO4 +Cro(SO4)3 H0. 
14H atoms from L. H. S. produce 7H2O molecules. 


th ti is 3H2S+K.Cr20,+4H2SO,>3S+K2SO, 
Bay heey j g +Cra(SO4)3 +7H20. 


Whether the equation is balanced, checked by the number of 
Oxygen atoms in the both sides of the equation. The number is 
23 in each side. : 

5. Copper dissolves in moderately concentrated HNO; to 
form Cu(NOg)2, NO and H30. 

HNO; at first oxidises Cuinto CuO and CuO reacts later 
with excess of HNOg to produce Cu(NOs)e, 

[ This supposition may be utelised in the case of other 
metals 

Equation of Ist step of the reaction is written as 


+5 +2 +2 
XCu° +YHNO,>XCu0+ YNO+H,0. 
X=5-2=3; Y=2-0=2 
Or, 3 Cu+2HNO;>3Cu0+2NO+H,0...(i) 
Final step of the equation : 
Reacting with 64HNO3; molecules, 3 CuO molecules produce 
3 Cu(NOs). molecules. 
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<. 3CuO+6HNO,->3 Cu(NOs)a+3HO — -(ii) 

~ 6H atoms produce 3H,O molecules. 

Adding equation (i) and (ii) we can write, 
3Cu+8HNO;=Cu(NO;).+2NO+4H,0. 

Whether the equation is balanced, checked by the number of 


oxygen atoms in the both sides of the equation. The number is 
24 in each side, 


Ion-electron method : 


In this method the main reaction is separated into eyo parts. 
Each part is called half reaction. Oxidation occurs in the 1st 
Part and reduction in the 2nd. In the half reaction both H* and 
OH= must not be used. If the reaction is acidic, H+ may be 
used. OH- may be utelised when the reaction occurs in alae 
medium. Make equal number of electrons in each “half ROSES 
by simple multiplication of a number with each of the constituent 

‘` of the reaction, Finally the two half reactions are added, the 
Same substance (substances) is eliminated. As a result we get the 
balanced equation. 


Examples : 


l. When a zinc rod is immersed in copper sulphate solution; 
metallic copper is precipitated and zinc goes into solution. 

Half reaction (oxidation): Zn°—2e=Zn** 

Half reaction (reduction): Cut++2e=Cu° 

Total reaction : Cu Zn =Cut+Zn** . 

2. Potassium permanganate oxidises ferrous sulphate in 
dilute sulphuric acid solution. 


Half reaction (oxidation): Fet+—e=Fet+* ... i) 
A : e = +45) 
Half reaction (reduction) : acne a 32H20 w (i) 


Multiplying equation (i) by5 and adding the equation with 
the equation (ii) we get, MnO,” +8H* +5Fe*+ 
=Mn** +5Fet*+ +4H,0, 
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3. Zinc dust and caustic soda solution reduce a nitrate to 
ammonia. 
Half reaction (oxidation) : 
Zn+4OH- —2e=ZnOg--+2H2,0 + (i) 
Half reaction (reduction) : 
NO;-+6H,0+8e2NH;+90H- --. (ii) 
Multiply 4 with eqn (i) and add this eqn with eq (ii). Asa 
result we get, NOs +4Zn+7O0H-=NH;+4ZnO,— +2H,0,. 
the balanced equation of the total reaction. 
4, Zinc dissolves in sodium hydroxide solution to form 
hydrogen and sodium zincate. 
Half reaction (oxidation): Zn+4OH- —2e=ZnO,--+2H.O0 
Half reaction (reducton): _2H20+2e =20H-+H, 
Total reaction : Zn+20H- =4Zn0O.-+ tHe 
5. Ammonium nitrite, on heating decomposes into nitrogen 
and water. 
Half reaction (oxidation): 2NH,*-6e=N2+8H* «+ (i) 
Half reaction (reduction) : 
NO,-+4Ht+3e2}Ny+2H,0 = (ii) x2 
Total reaction : 2NH,*+2NO,.- =2Ne+2H,O0 
i. e, 2NH,NO, =2N,.+2H,0. 
6. Hydrogen peroxide liberates iodine from acidified pota- 
ssium iodide solution. 
Half reaction (oxidation): 2I--2e = I. 


Half reaction (reduction) :_ H03 +2H*+2e=>2H;0 
Total reaction : H,O2+2I-+2H*=2H,O0-+1, 


7. Potassium dichromate oxidises potassium iodide in dilute 


sulphuric acid medium. 


Half reaction (oxidation): 2I- —2e = I, te (x3 
Half reaction (reduction) : 
CroO,--+14H*+6e22Cr*##47H3O = (ii) 


Total reaction: CrgO7~+14H* +6l>=2Cr***+7H,0+31, 
8. When manganese dioxide is heated with concentrated 
hydrochloric acid, chlorine gas is evolved. 
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Half reaction (oxidation): 2CI- ~ 2e = Cl, + (i) 
Half reaction (reduction) : 
MnO.+4Ht+2e=Mn*++2H,O + (ii) 


Total reaction: MnO +4H*+2C1 =Mn" "4 Cla +2H20 

or, MnO2+4H*+2Cl-+2Cl- =Mn*++2C]- +Cl2 +2H20 
[2CI is added in both sides of the equation] 

or, MnO,+4HC]= MnCl, +Cle+2H,0O. 


Problems for practice : 


l. Calculate the oxidation number of N in (a) HNO, (b) 
NH; and (c) NH,Cl. Ans. +5, —3, —3. 
2. Calculate the oxidation number of Mn in (a) MnO, ; 
(b) MnO; (c) Mn2O,. U. P. 1977. Ans. +4, +2, +7, +7. 
3. Calculate the oxidation number of S in (a) SO.47~ ; (b) 
SOz 5 (c) SO; and (d) HSO. Ans. +6, +4, +6, +4. 
4. Calculate the oxidation number of C in (a) CO; — ; 
(b) CO and (c) calcium carbonate. Ans, +4, +2, +4. 
5. Calculate the oxidation number of C in (a) CCl, 5 (b) 
CaH50H ; (c): CHCl; and (d) CoHyle. 
Ans. +4, —2, +2 and -1. 
6. Calculate the change in the value of oxidation num ber 
of (a) nitrogen when (i) NO is oxidised into NO, (ii) HNO3 
1s reduced to NH4 ; (b) chlorine when hydrogen chloride is 
oxidised into chlorine and (c) sulphur when hydrogen sulphide 
is oxidised to sulphuric acid. Ans, (a) 2 magnitude increase, 
8 magnitude decrease; (b) 1 magnitude increase and (c) 8 
Magnitude increase, 
7. Complete and balance the following chemical equations 
by either oxidation number method or ion-electron method : 
(i) S+HNO, =... (ii) MnO,+HCl=:.- (iii) KBr+H S04 
>K2S0,+Br.+S02-+H20 (W. B. J. E. E. 1979) 


(iv) KMnO,+ HICI+KCl+MnCl,++ Clz-+-H,O 


(W. B. J. E. E. 1979) 
(vy) FeCl, +Cla=.> 
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8. How are the oxidation and reduction processes involved 
in the following reactions : Ranchi. U. 1970A. 

(i) 2FeClo+Cle=2FeCl, ; 

(ii) C+4HNO;=CO,+2H,0+4NOz. 

9. Write down with the help of equations, how you have 
reduced (a) mercuric chloride, (b) potassium permanganate, 
(c) copper sulphate and (d) lead nitrate soln. Balance the 
equations either by ion-electron method or oxidation number 
method. Patna University, 

10. Balance the equations of the following reactions either 
by oxidation number method or ion-electron method : 

(a) HNO; oxidises C into CO}, itself being reduced to NO3, 
the other product is H20 ; (b)HNOsg oxidises H3S to S ; NO and 
H30 are also produced in the reaction and (c) KMnO; is reduced 


by H20, in dil HgSO, medium. Hyderabad. I. Sc. 1974. 
11. Complete and balance the following equations : 
(a). Pa+tIge+HeO=HgPOg+::: I.I.T. 1970 (gp.A) 
(b) HNO,=HNO;+NO+-+++ IIT. 1971 (gp.A) 


(c) NH?+NaOCl=Ne+NaCl+ Po O +H,0 
I. I. T. 1971 (gp. A) 


(d) Br,+OH7=BrO74 ee +H0 I.I. T. 1974 (gp. A) 
(e) CrgO,-~+SOg+H = = +HSO,~+H,O 3 

A 
(f) NH,NO;= terere op orete 5 


12. Balance the following reactions by oxidation number 
method: (i) - KMnO4 +FeSO4 +HaS04->K2S504 +MnSO, +Fez 
(S04) +H20; (ii) Cutt} HNO3>Cu(NOs5)o+NO.+H,0. U. P. 
1978. ; West Bengal Joint Entrance Examination. 1978. °79, 

13, (a) Balance the following equations £ 

(i) MnO.+HCl=H2,0+MnCle+Cle. 

Hyderabad I. Sc. 1973 ; W. B. J. E. E. 1980, 

(ii) CO+Fes;0,=FeO+COs. 

(iii) PI, +H,O=H,PO;,;+HI. ® 

(iv) Clg +10,7- +OH- =10,- +Cl-+H,0. 

(v): HNO; +HI=NO+12+H,0, 
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(vi) HgS+HCI+HNO,=H.HgCl,+NO+S+H20. | 


(vii) C-+HaSO.>CO2+SO2+H,0. 
W. B. J. E. E. (Tc). 1979. 


(b) Complete, if necessary and balance the following 
equations $ 
(i) CrgOq27+HNO2+Ht= .... +NO, +H20 
(ii) Ag+NO,-+Ht=Agt Set + +H,0. 
(iii) HygO2+ClO,.+OH- = ko. +H,0. 
1.1. T. (Group A) 1978. 
14. Balance the following equations: Hyderabad I. Sc. 1973. 
(a) Cla+I->I+Cl-; (b) ClO," +Sn**>Cl+Sn****, 
15. Balance the equation ; Mn,0,+H2SO0,~MnSO.+Mna 
(SO,)3 +H,O. Hyderabad I. Sc. 1974. 
16. Consider the following reaction: Cla+21 =2C1 +12. 
State which one of the reactants is the oxidising agent and 
which one is the reducing agent, giving reasons in electronic 
terms. W. B. J. E. E. 1979. 
17. Find the oxidation number of all the former elements in 
the following :—(i) S,0O,?7 (ii) BaOa (iii) LiH (iv) C204°7 
(vy) NoHy. Ans. +2, +4, +1, +3 & +2. 
I. I. T. (Group A) 1978. 
18. Calculate the oxidation numbers of Mn in KgMnO, or 
MnO, and Clin KCIOs. U. P. 1977S; W. B. H. S. C. 1979. 
Ans. +6 and +5. 
19. Give the oxidation number (with sign) of the element 
underlined in the following equations : 
(i) 8KClO,+24HC1=8KC1+12H,0 +9Cl_+6Cl02 
Gi) 31,+6NaOH = NalO,+5Nal+3H,0. 
I.I. T. 1979, Ans. +5, 0, +4,0, +5, —1. 
20. Determine the oxidation numbur of pt in [PtCl,]-~ and 
of P in POL’. U. P. 1977;°77S. Ans. +4; +5. 
21. Choose either the®zidant and reductant or oxidising and 
reducing agent in the following reactions : 
G) 21'+H,0,>20H-+1, Roorkee E. E. 1976. 
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(ii) SnCly+2HgCl.>SnCl,+HgeCle U. P. 1978S. 
(iii) PbS+4H,O,>PbSO.+4H.O U. P. 1976. 
Gv) 4HCI4+MnOz>MnCl.+2H20+Cle U. P. 1978. 
(v) SnClg+FeCla>SnCla +FeCla U. P. 1977. 
(vi) 2FeCls+HaS->2FeCla +2HC1+S U. P. 19775. 


22. Explain with reasons which one of the following 
reactions is oxidation which one is reduction : 

Zn—2e->Zn2* ; Cle +2e7>2Cl- U. P. 1976. 

23, On the basis of change in the oxidation number find out 
the oxidising and reducing agents in the following equation. 
SnCl»+2HgClg—>SnCl, +HgaCle. U. P. 1978S. 

24. Find the oxidation number of the marked atom in the 
following compounds: (i) FesOs (ii) OF, (iii) KOs (iv) 
K,CraO, and (v) CrsOz”. Ans: +26; +1; +4, +6& +6. 

_ 25. (a) Calculate the oxidation number of-Mn in KMnO4, 
KMnO, and MnO. (b) Which of the following indicates 
oxidation? (i) Sn*4—>Snt2 ; (ii) CICI ; (iii) Fet2—>Fe*8 ; 
(iv) Pb°->Pb*?. Ravisankar U. (M. P.) B. Sc. 1978. 

Ans. (e) +75; +6 & +2. (b) (iii) & (iv). 

26. Balance the equation using oxidation number method : 

FeCls-+HaS>FeCla+HCI+s. W. B. J. E. E. 1980. 

27. Complete and balance the following equations : 

(i) KNO; + FeSO, +H S04 (conc) = 

(ii) H,S+K,CrO4 + H2SO4= 

(iii) KI+HgSO.4 (conc.) [heat]= 

(iv) MggNe+Hs0O= 

(v) AI+KMnO,+H2SOs= ' II. T. 1980. 

28. State, with equations, what happens when— 

(a) NaNO, soln is added to a solution of KI acidified with 
H,SO, excess ; (b) NagCOg solution is added to a solution of 
FeCl, ; (c) SOs gas is passed through a suspension of iodine in 
water ; (d) HeS gas is passed through a solution of potassium 
dichromate acidified with dil. H3SO4 ; (e) apinchof MnO, 
is added to hydrogen peroxide solution, W.B. J. E. E. 1980, 


18 
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` 29, Complete the following equations, with the help of 
‘oxidation number’ :_ 


(i) H2S+SO,>S+H,0 (ii) FeS, +0O:>Fe203+SOz. 
W. B. H. S. C. 1980. 


| 4 unit decrease | 
; OAE EA 4 +2-2 
[ Hints : (i) eÈ SOs AR cons b 


2 unit increase 
4H2S+2SO0.—->6S+4H,O 
or, 2H3S+SO.2—+3S+2H,0 
4 unit decrease 
ora d on | +6 -6 $ 
GEES + .Os'—->Fes Os + +424 
I t SO, 
2 unit increase = 
AFeS2+20;—->2Fe 4O03 +8503. 


or, AF Ss +110.—-+2F egy + 8S0y, 


CHAPTER 15 


Structural formulae of some organic compounds with correct 
naming according to I. U, P. A.C. or I, U. C (Geneva) system. 

A Committee, appointed by the International Union of 
chemists of pure and applied chemistry held Meeting in Geneva 
and adopted a new convention for naming of different classes of 
organic compounds. This convention is known as I. U.P, A. C 
or commonly I. U. C or Geneva system. As this convention, 
adopted in the meeting of renouned chemists of the world, held 


in Geneva, the convention is called Geneva system of nomen- 
clature. 


Some rules of the I. U. P. A, C (Geneva) system: 


@) LU.P. A. C system does not make use of the prefixes, 
like normal (n—), iso~and neo—to distinguish various isomeric 
forms (compounds having same molecular formula but having 
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different structural formulae, named isomers) of alkanes. (2) The 
carbon atoms in the longest chain are numbered from one end to 
the other and the positions of side-chains or substituents are 
indicated by the numbers of the carbon atoms to which they are - 
attached in the alkanes. 
menced in is so chosen that the various substituents must get 
the positions of the lowest numbers of carbon atoms. (3) If there 
are more than one side chains or substituents, they should be 


The end from which numbering, com- 


arranged in an alphabetical order. 


Examples : 
Aliphatic saturated hy- | Aliphatic unsaturated hydrocarbon 
drocarbon (Parafins or Alkenes Alkynes 
alkanes) | Ei 1207 ek 180° 
109°28'AH AAN ZN 
a | C=C (ethene) H-C=C-H 
S ih (methane) A N (ethyne) 
H HHH CH,.C=CH : 
HH ie sia (propyne, 
Its! H—C—C=C—H For butyne 
ea (ethane) | (propene) | either, 
4158 segue 
H H “= For butene CH,.CHa.C=CH 
he Sl) ol either, 3 But—l1—yne 
H—C—C—C—H (pro-| 12 i 
| | | pane) | CHa=CH.CH3. iy Sec 
jst Jal Het | 4 .C=C.CH 
S Fi H i | Cip PRES ' 
H—C—C-C—C-H | (but—1—ene) 
[Balto lea (but-| 05, 
eS Hi eis set ane) L 2 3 
| CH3.CH=CH. 
| 4 
CH; 
(but—2—ene or 


isobutene) 


276 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Alkene having two double bonds 
4 A 


H.C ; 
ING 2) N 4 bene 1 
C=C=CHg; CH, =CH.CH=CH, 
1, 2—butadiene 1, 3—butadiene 


N.B. “ene” is a symbol for double bond between two carbon 
atoms. “yne” stands for triple bond between two carbon atoms, 
The combination of di and ene is to indicate two double bonds. 
“+? stands for single bond. 

Alkyl! group substituted alkanes 


1 20838 
ese cH (2—methyl propane) ; 
CH; 
CH, 
3 2 a 
pom (2, 2—dimethyl ; propane) ` 
CH, 
1 23 4 
CH, CHCH, CH (2—methyl butane) ; 
CH, 
CH, 
Wy Behe A 
sist - CHe.CHg (2, 2—dimethyl ; butane) 
Ce 
1 2 3 4 
T À es (2, 3—dimethyl butane) ; 
CH, CH, 
1 2 3.4 5 
ee ne ces (3—methyl pentane) ; 
CH; 


1 Zino At 5. 
Sie EECH (2—methyl pentane) 


CH, 
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Aliphatic aldehyde* 
Aliphatic alcohols and ketones Aliphatic acids Ethers 
Aldehydes 
CH,.OH (methanol) HCHO (methanal)} HCOOH CH,—O—OH, 
ey al 1 (methanoic acid) |(methoxy methane 
CH;.CH,.0H (ethane—| CH,,CHO 2 1 CH,—0—C,H, 
—1—ol) 2 1 CH,COOH (methoxy ethane) 
IEM a (ethanal) | (ethanoic acid) | C,H,—O—C,H, 
CH3.CH,.CH,0H CHERCHI CHON IEI iy ( 
3 2 A ethoxy ethane) 
(propane—1—ol CH,.CH,.COOH 
or 1—propanol) (propanal) (propanoic acid) 
Sine i 2 C,H,COOH 
CHs.C.H.OH.CH, faa ce (butanoic acid) 
(propane—2—ol CHO 


or 2—propanol) 


4 3 2 
CH,—CH,—CH, 


1 
—CH,—OH 
(But—1—ol) 
4 3 2 1 
CH,—0H,—CH—OH, 
ou 
(But—2—ol) 
(CHs),C.0H 
{t—butanol) 


1 


(2—methyl propa- 
nalor butanal 
Ketones 
(0) 


I 
»CH;.C.0H, 
(propanone) 
(0) 
Li 
CH,.C.C,H, 
1 2 (butanone) 
or, 


(0) 


n 
CH,.CH,.C.CH, 
Butanone—2 

[0] 


Li 
C,H,.0.0,Hs 
(pentanone) 


or 
oO 


fi 
CH,—C—OH, 
1 2 
—CH,—CH, 


2—pentanone 
or 


pentane—2—on, 


or 
3 2 


4 
CH,.CH3.CHs 
1 
COOH 
(l—propane car- 
boxylic acid) 


_—_.C ee 
i 


N. B. In the I. U. P. A. C (Geneva) 
named by replacing “al” in place of ‘ane” of hydrocarbon 


syytem an aldehyde js 
The 
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carbon atom in the aldehyde is considered as 1 position carbon» 


“ol” and “on” 


stand for alcohol and ketone respectively. 


An 


organic monobasic or mono carboxylic acid is named by replacing _ 


“oic” in place of “ane” of hydrocarbon. 
monocarboxylic acid is considered as 1 position carbon. 


The carbon atom in the 


When 


one of the hydrogen atoms of methane (CH4) is replaced by 


methoxy group (CH,O—), it is called methoxy methane. 
one of the hydrogen atoms of ethane (CH 


When 
e) is replaced by 


ethoxy group (CgH;O—, it is called ethoxy ethane. 


paige substituted alkanes 


pay gblor merkene) 


1 
a CH,Cl 
Kapil broethane) 
2 ; 
Cis. CH3. CH,Ch 
a cere) 
CH,, Ca cH, 
J 
ee propane) 
3 1 
CH. CH. oh, CHCl 
(1—chlorobutane) 
EL N Be tepy eal 
CHa CHa CHCH, 
Gl 
(2—chlorobutane) 
4 3 Zeal 
REINE CE 
CIT CI 
(1, 2—dichlorobutane) 
3 2 at 


4 
CH,.CH,.CH,.CH, | 
| 


| 
€ iel 
(1, 4—dichlorobutane) 


Halogen substituted alkenes 
and alkynes 


32 il 
CH3.CH=CHBr 


(1—bromopropene) 


Spee 1 
CH,CBr=CH# 
(2—bromopropene) 
3 2 1 
BrCH,.CH=CHg 
(3—bromopropene) ' 
Swale wt 
CH;.C=CBr 
(1—bromopropyne) 
3 2N 
CH,CIC=CCl 
(3—chloro—1—chloropropyne) 
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Halogen substituted alkanes 


Ng Been the TU RPAG 
(Geneva) system, position of 
halogen is known by the posi- 
tion of carbon, 

Cl 


Ae he Ss on ayn N 
tis at 


Cl 
(1, 1—dichlorobutane) 
HaC 


3 | CHB: 


HaC 
(bromo cyclopropane) 
Cyclo 'stands for ring structure, 


Alkyl group substituted 


Halogen substituted alkenes 


and alkynes 


Alkyl group substituted acids 


Alkyl group substituted 
alcohol aldehyde and ketone 
CH, H 3 Bape 
an L 3 Picar en coon 
Erga CH;—CH, — C — C=0 
COA we Jee CH, 
bu CH, (2— methyl propanoic acid) 
(2—methyl propane—2 | (2, g—dimethyl butanal) | 5 4 3 2 1 
—ol) O CH, CH; CH, CH CH, COOH 
Pel l 
he ORD at 
CH,—O—CH—CH, CH, 
Ceca Et 1 23 4 (8—methy] pentanoic acid) 
OH mee 
(Propane—2—ol) 


Ziel 
(CH,),CH.CH,OH 
{2—methyl propane—1 
—ol) 

Amino (—NHs) group 
substituted organic 


(8—methyl—2—pentan- | < 
one) or (3—methylpen 
tane—2—on) 


Nitro group (—NO,) sub-| Two different groups substi- 
stituted organic com- tuted organic compounds 


compound pounds pa a eS e One 
C,H-NH;, (aminoethane)| 3 2 1 2 1 
* a OH, CH, CH, Cl CH, 
ae (3—chloro—2 methyl pentane) 
3 3 CH, CH(NH,) COOH 
(1—nitropropane) 3 2 1 
LA ate 5) 2—amino ic act 
CH „ÇH, : propanoic acid, 
NO, 


(2—nitropropane) 
——____ 
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Questions for practice : 

1, What isI. U.P. A. C system? Explain with illustrations 
how this system is used in the nomenclature of organic 
compounds. 

2. Write down the names (I. U. P. A. C or Geneva) with 
structures of the compounds having the following molecular 
formulae: (a) CyHyo, (b) CHO; (c) CsHgO and 
(d) C,H. 

3. Give the names of the following organic compounds by 
I. U. P. A. C system 3 

(i) CH; CH CH (CH4) CH; (ii) CH,COCHs 35 


(iii) Babee Ces 5 (iv) CHS C(CHCRacHs and 
CH, NH, 
(v) C.CH,=CH. , Sambalpur U. 1. Sc. 1978. 


4. Write the structural formulae for the following :— 
(i) 2:22 dimethyl butane ; (ii) 3—methyl pentane. 

I. S. C. E. 1980. 
5. Give the IUPAC names of any four of the following :— 


CH, 
ti) XCHCI; (ii) CH,CH,CH,Cl; 
CH; 
Gii) CH3CH,CH,OH; (iv) Che ee 
CHe 
fe) 


{ q 
(©) CH,C—CH,—CHs ; and (vi) CeH;—O—CaHs. ; 
I. S. C. E. 1980. 
_6. Give the names (Geneva) of the following organic 
compounds +— 
Cl 


: | 
G) CHs—C—CH2CH, ; (i) CH,CH=CHCH, ; 
Cl 


e 
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(iii) CHs—C—CH,CHsg and (iv) CH; 

y g XCH—CO;H. 
CH; 
W. B. H. S. C. 1978. 

7. Give the structural formulae of the following organic 
compounds :— 

(i) 2—methyl propanoic acid; (ii) 2—methyl butane; 
(iii) 2—nitro—2—methyl butane ; (iv) 2—methyl 1—propene ; 
(v) 2—2 diiodo butane ; (vi) benzene and (vii) benzyne. 

8. Give I. U. P. A. C. nanes of the following compounds :— 

(i) CH 3.0.CHsg ; (ii) CHs.CHe.CHg.OH and (iii) the next 
homologue of CH; COOH. 

Indian School Certificate Examination, 1978. 

9. Write the structural formula of the following 
compounds :— x 

(i). 2—methyl pentane & 

(ii) 2—ethyl—3—methyl—Butene—1, 

Indian School Certificate Examination, 1978. 

10. (a) Write the structural formulae and names of all the 
compounds having the molecular formula C,H, 90. 

(b) Give the names (Geneva) of the following : 

(i) Sete EERE 5 (ii) CH,—CH—CH=CH; 5 


CHs 
i i 
(iii) CTE PE haa 3 (iv) SHa 
Cl CH; 
W. B. H. S. C. 1979, 
11. The angle between the two adjacent carbon—carbon 
bonds in the benzene molecule is 120°. Is this statement correct ? 


State giving reasons. W. B. H. S. C. 1979. 
12. Give the I. U. P. A. C. names of the following +— 


(i) CHyCH,CH,OH (U. P. I. Sc. 1976) (i) CH,CH,CH 
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=CHe (U. P. I. Sc. 1877) (iii) CH,CH=CHCHsg (U. P. I. Sc. 
1977S) (iv) CHgCHCICH, (U. P. I. Sc. 1978) 

13. Write the systematic I- U. P. A. C names of the 
following :— 

(i) CHs.CH=CH.CH,OH ; (ii) CH3.C=C.CH.CH; ; 


CH; 
Cl 


(iii) er cae (iv) CH 3.CH,.CH,.CO.CH2Cl. 
(b) Write the structural formulae of (i) phenol (ii) 2,4 
dimethyl pentanoic acid (iii) 1, 3—butadiene (iv) 2—methyl 
pentane 2—o]—1, Ravisankar U. B. Sc. 1974. 
14. Write the graphic formulae of any four :—(a) Diethyl 
ether ; (b) Isopropyl alcohol; (c) Chloroform; (d) 2, 2, 4 

trimethyl pentane ; (e) 3 ethyl—2 methyl pentane, 
Ravisankar U. B. Sc. 1973. 

15. Give the IUPAC names of any four of the following -— 


0 CH3CH,OH; (ii) CHa (iii) CHgCHO; 
N 
CHOH; 
CHs 
fe) Oo 


p 4 7) 
(iv) CH,OC,H, ; (v) CH,CCH,; (vi) CHsC—OH. 
Z.. S! C. Ex 1979; 


CHAPTER 16 
Problems on Kinetic theory of gases 

Kinetie gas equation 

PV=4mnv?, Where, P=pressure, V=volume, m=mass of 
single molecule and y=root mean square velocity, (R. M. S. V.). 
With the aid of the ‘kinetic theory of gasess’, it is possible to 
derive mathematically the above mentioned equation. The 
equation is known as kinetic gas equation. 

Specific heats of gases. 

Cp=Mxc, & Cv=Mxcv. Where Cp and Cv are molar 
heats or molecular specific heats at constant pressure and at 
constant volume. M represents molecular weight of a gas. E 
and cv are specific heats per gm at constant pressure and volume. 

Cp=§R+X, Cv=ġR+X, Xis intramolecular energy. 

R=universal molar gas constant. Cp—Cv=R for 1 gm mole 


ideal gas. M(cp—cv)=R ; cp eve for 1 gm ideal gas. 


X=0, for monatomic gas i.e. atomicity =1. 


X=R, for diatomic , , 5 2. 
X =R, for polyatomic „ » A >2. 
Atomicity represents number of atoms constituting the 
molecule. 
Cp $R+X .. Co MXcp_cp_y, 
Cv $R+X * Cv MXcv cv 
y eS Where, ” is called specific heats’ ratio. 


Limiting density - 
r _(d aNe te ani 
At low pressure, M= ($) RT k £) J is known as limiting 


density. 
ale d i = 
Le(2 = Ey Where, d= density of the gas ; p=pressure. 


p>0 
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Van der Waals’ equation of state 
(2+5) )(V—0)=RT for 1 gm mole real gas. 


a, bare cone an: known as Van der Waals’ constants. 


(pa Ae nb)=nRT for n gm. mole real gas. 


er) (v+¥, b)=4RT for, » a i 


na w= weight in gms of a real gas; M=molecular weight 
of the gas. 


at == 66. This ratio is called critical co-efficient or 
c c 


ae constant. Value of this constant is 
calculated from Van der Waals’ equation of state at the critical 
state. P., V, & T, are critical pressure, critical volume and 


critical temperature (ie anaes 


Ve=8b, Pe= 45 and T.= 584. 

Root mean square velocity (R. M. S. V) 

Total translational kinetic energy=sum of translational 
kinetic energy of all molecules. 

IMNC2=4mn;c1? +4mnaca? +4mnaca?+ Eea Ñ 

c=velocity possessed by each molecule. 

m=mass of each molecule. 

or, Ne? =nycy2-+neco?+ngcg2t =m nici?. 


or; T= P11 +ngCo2+ngcq2+..... nici 
N 


R. M. S. V= Vc? = JEEE EENT 
N 


c? = mean square velocity of each molecule, 


R: M. S. V= JZE 
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Average translational kinetic energy. 
Average translational kinetic energy/mole=$RT. 


» /molecule =381. 


n » ” 


N=avogadro’s number 


Solved problems ; 
1, The density of hydrogen at 0°C and 760 mm pressure is 
0°00009 gm ml-3. Find the root mean square velocity of hydrogen 


molecules. (density of mercury=13'6 gm. ml~2) 
Behrampur University, 1970, ’ 


PV=ymnv? or, P=4Py? °° p= To density, 
y=, /2E= 3x76 x 13°6 x 981 -115x10 cms/sec at 0°C, 


0°00009 
=hxdxg. Where, h=height of Hg ; d=density of Hg and 


g=acceleration due to gravity. 
2, What is the density of CO, at 127°C if confined under a 


FETE of 2280 mm of Hg. 


P= 4P.v2- or, eat 
a 
_ 3x 228% 981 x 136 oe y2 SRT 
z 3RT M 
M 
3 x 228 x 981 x 13°6 x M _228x 981% 136 x 44 
AAE 1 GRIMC PRN BSISONCA00 


=0°'00403 gm cc™?. R=831x 107 ergs; M=44, 

3. Calculate the total kinetic energy in calories of 1 gm of 
CO% gas at 27°C. Calcutta University B. Sc. 1974. 

1 gm CO.=7; gm mole COg. *.* mol. wt of CO,=44, 

.', total kinetic energy =z; X 2 X 1°987(273 +27) = 20°32 cals, 

K, E=gnRT. Hete,n=g4; R=1°987 cal/deg/mole, 

4, The specific heat of chlorine at constant volume is 0° 082 
and at constant pressure, 0'115, One litre of the gas at N, T. P. 
weighs 3'151 gms. Calculate the approximate at. wt of chlorine, 
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22'4 litres of chlorine at N. T. P. weigh 3°151 x 22°4 


=70'58 gms. 
. s Cp O115_;. 
mol. wt of chlorine =70 58. y= = 7082 327} 40. 


Chlorine is therefore diatomic and its at. wt = 758 = 35°99. 
5. The specific heat of a gasat constant pressure is 0'125 
and that at constant volume is 0°075. What is the mol. wt of 


the gas? 
Calcutta U. B. Sc. (A) 1973 ; Guru Nanak U. B. Sc. 1974. 


R R 2 

Baga ng 081 MS jae 015-008 

6. The specific heat at constant volume for argon is 0075 
and its molecular weight is 40. How many atoms are there in 
the molecule? Gauhati. U. B. Sc- 1968. 

Mev=$R+X or, 40x0075=ġx2+X © x=0. 

There is only single atom in the molecule of argon. 

7. Calculate the amount of heat required to raise the 
temperature of 20 gms of He from 20°C to 100°C (i) at constant 
pressure, and (ii) at constant volume. (R=1'99 cal. deg’. 
mole™? ; at. wt of He=4) Calcutta U. B. Sc. 1075. 

(i) H =C,=5RT for 1 gm mole-".” He is monatomic. 

X=0. H ,=C,=Xx2x 80 x 22 =1990 cals. 

(ii) Uv=Cv=$x2x80%22=1194 cals. 

Where, U= internal energy, H= enthalpy. 

8. The limiting density of hydrogen bromide is 3'611 at 0°C. 

Calculate the exact at. wt of bromine. 


=|¢ z x t 
M= [É] -3611x 010821 x273=80924. 


oard, 
i 5] pr Ol. At. wt of hydrogen=1'008 


“. at wt of bromine =80°924—1'008=79'916. 
9, Apply Vander Waals’ equation to calculate the pressure 
exerted by 70 gm nitrogen contained in a half litre vessel at 27°C. 


[Given a=1°29 atm. litre?. mole”? ; b=0°039 litre mole” *] i 
Burdwan U. (W. B) B: Sc, 1968. 
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2 
(P+ oa) (V—nb) =nRT 
2°5 x25 x 1:29 
or (P+ ee) (05—25 x0°039) 
=2'5 x 00821 x 300 
n=Z2 ; R=0'0821 lit. atm/deg/mole. 


.'. P=118'045 atms. 
10, Show that at low pressure, the Van der Waals’ equation 


reduces to the form PV=RT+ f - al P. 
Delhi. U. B. Sc. 1970. 


p+g)v- b)=RT for 1 gm mole real gas. 


or, PV-Pb H - a =RT on multiplication. 


At low pressure ab, may be ignored, then 


-4 = -a 
PV=RT+Pb v or, PV=RT+P RT 


PV =RT is valid at low pressure. 


a 
PV=RT+P(b-a 
Van der Waals’ constants for nitrogen gas are 
a=1'39 atm. lit®. mole~2, and b=3'91 x 1072 lit. mole~2. Find 
the values of the critical constants for the gas. (R=0°08206 lit. 
atm. deg”. mole~*) Calcutta U. B. Sc. 1974, 
y, =3b=3x791X1 


or, 


11. The 


07-2=11'73 X 107? lit. mole~?. 


1:39 ap: 

Qn ten eee aaa = 
Po z7: 27% 11 73x 117310 * ag 
8x139 =128'3°A 


T ASE. a ee Se 
o=o7pR 27X11'73X10 "X 008206 
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Problems for Practice 3 


1, Calculate the root mean square speed of helium molecules 
at 27°C, ‘Also calculate the total kinetic‘energy (in cals) of the 
molecules in one litre of helium at 27°C and 1 atm. 

Calcutta U. B. Sc. 1971. 

[He=4] Ans. 136x104 cms/sec ; 36'55 cals. 

2. Calculate the root mean square speed of nitrogen at 


N. T. P.. Patna U. 1969A. Ans. 49330 cms/sec. 
3. Calculate the average kinetic energy of helium molecules 
at 27°C. Burdwan U. B. Sc.-1968. Ans. 62X 1074 ergs. 


4, Calculate the root mean square speed and the average 
kinetic energy of oxygen molecules at 27°C. Burdwan U. B. Sc- 
1970. Ans. 273,000 cms/sec ; 6'209 x 10718 ergs/molecule. 

5. Calculate the R. M.S velocity of hydrogen molecule at 
N. T. P: Rajasthan U. B. Sc. 1971 ; Shivaji U. 1971. 

Ans. 20°7 cms/sec. 

6. Calculate the root mean square velocity in centimetres 
per sec of N, molecules at 27°C and 127°C (R=8'315x107 erg 
deg™ mole“), Sri Venkateswara 1971 ; 3 Calcutta U. B. Sc. 1971 5 
Sambalpur U. 1974, Ans. 5'169X104 cms/sec; 5'968 x 10* 
cms/sec, 

7. Calculate (i) the root mean square velocity and (ii) the 
average kinetic energy per mole of oxygen at 27°C. (Given? 
R=8'315 x 107 erg deg-4 mole™!) Calcutta U. B. Sc. 1977. 

Ans. 484x103 cms/sec ; 3°742 107° ergs, 

8. At what temperature will the root-mean-square velocity ` 
of nitrogen molecule be 5°16 10* cms/sec ? (R=8'31X107 ergs/ 
deg/mole) Calcutta U. B, Sc. 1978. Ans. 26°C. 

9, Calculate the root mean square speed of a molecule of 
oxygen at 127°C, Calcutta U. B. Sc. (A) 1979. 

Ans. 5'582% 10* cms/sec. 

10. A gas has 1'4 as the value of Cp/Cv. If its atomic weight 
is X, Tii will be its molecular weight? Poona U. 1970. 


Ans, 2X. 
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11. How much heat will be required to raise the tempera- 
ture of 10 gms of Argon from 0°C to 100°C at a pressure of 1 atm ? 
(R=1'99 cal deg"? mole“; atomic weight of Argon=39'95), — 
Calcutta U. 1971. Ans 1246 cals. 

12. Fora certain gas, Te =304'2°K and P, =72'8 atm. Hence 
calculate Vander Waals’ constants ‘a’ and ‘b’ forthe gas. 
Calcutta U. B. Sc. 1973. Ans. a@=0'036X10? atm. lit?. mole? - 
b=4'28x 107? lit. molet, Ë 

13. Using Vander Waals equation, calculate the pressure 
exerted by one mole of carbon dioxide at zero degree centrigrade 
in a volume of 0'05 litre. a=3'592 lit?. atm. mole“? and b= 
004267 lit. mole™4. Poona U. B. Sc. 1970. Ans. 1622 atms,- 

14. Using the Van der Waals’ equation calculate the pressure 
(in atmospheres) developed by 2 moles of CO% contained ina 
volume of 5 litres at 40°C. (The values of the Vander Waals* 
constants for CO are: a=3'59 lit atm. mole~*, b=0'0427 lit. 
-1, Also, R=0'0821 lit. atm. mole™!.) Calcutta U. 1972, 

Ans. 9°8655 atm 

15. Use the equation of state of Van der Waals to calculate 
the pressure of 88 gms of gaseous carbon dioxide occupying a 
volume of 8 litres at 27°C (a=3'6 lit®. atm. mole~? ; b=0'043 lit, 
mole72, R=0'082 lit. atm. deg-!, mole~2), Compare the above 
result with “the pressure calculated using ideal gas equation. 
Shivaji U. 1970. Ans. 5'993atms ; 6'15 atms. 

16. Use Van der Waals’ equation to calculate the tempera- 
ture at which 1 mole of Ng will occupy a volume of 5 litres at a 
e of 15 atms (Van der Waals’ constants for Na: a=1'39 
1 ; b=0'0391 litre. mole~1; also R=0'08206 lit, 
atm. deg-}, mole7!) and compare the result with that calculated 
using the ideal gas equation. Calcutta Up: Sc. wae 

Ans. 9105K or, 637°5°C ; 914°1°K or, 641°1°C, 

17. One mole of carbon dioxide was found to occupy a 
; 2 litres at 48°C at a pressure of 18'40 atm. Calcu- 
ave been expected (i) from ideal 


mole 


pressur 
lit. atm. mole™ 


volume of 1'3 
late the pressure that would h: 


19 
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gas behaviour (ii) from Van der Waals’ equation. [a=3'60 
litre, atm. mole? and b=4'28x10-? litre. mole~2]. Sambalpur 
U. B. Sc. 1973. Ans. (i) 19°96 atms; (ii) 18'575 atms. 

18. Using Van der Waals’ equation, calculate the pressure 
{in atms) developed by 2 moles of Ng contained in a volume of 
5 litres at 40°C (Van der Waals’ constants tor Ng are a=1'38 lit?. 
atm. mole“, b=0°0394 lit. mole}. Also, R=0'0821 lit. atm. 
mole“). Calcutta U. B. Sc. 1974. Ans. 25°94 atms, 

19. Calculate the pressure of 2 moles of ammonia shen 
confined in a five litre vessel at 27°C from (i) the ideal gas 
equation and (ii) Van der Waals’ equation. (Given a=4 atm. 
lit?/mole? ; b=0'036 lit/mole). Calcutta University B. Sc. 1979. 

Ans, 9°84 atms ; 9'34 atms. 

20. Calculate the velocity, as used in the kinetic equation, 
of oxygen molecule at 15°C and 770 mm pressure. Calcutta U. B. 
Sc. 1980, Ans. 47390 cms/sec. 
` 21. The kinetic energy of a molecule of oxygen at 0°C is 
5'62X10-24 ergs, Calculate the value of Avogadro’s number. 


(R=8'316x 107 ergs. deg™! mole~}). Calcutta. U. B. Sc. (New). 
1980. Ans. 6023x1023. 


CHAPTER 17 7 
Problems on Thermodynamics (Energetics) 
Theory :—Work in reversible isothermal process 
The gas will not expand unless the pressure of the surroun- 
dings is less than that of the gas. Maximum work is obtained 
when the pressure of the surroundings is only infinitesimally less 


than the pressure of the gas at all times during the expansion 
from volume i to Ve. Substituting P gas for P surr, in the 


; Vv 
equation, W= r P surr dV, we can write W max=/f P gas dV 
Vi Vi 
and if the gas is assumed to be ideal the substitution of P =T 
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Ve 
may be done. W max= nRT (27 =nkT In 2 Vs =nRT In Ba 
Vi Ps 
Vi z 
=nRT 2303 log p ‘o P,V,=P.V- for isothermal expansion 
2 


of an ideal gas. 
The work for isothermal reversible expansion of one mole of a 


Van der Waals’ a (real gas) is given by the equation, 


Vi 
we fev- [5-6 Ga)aV 
Vi "Vy 
[i (e+) (V—b)=RT for 1 gm mole real gas (Van der 


_ Waals sapato thn 
W=RT Ing 


zb 
=RT 2303 log V25} nen vl: 
For:n gm moles, 


1 
WenRT Inya n, Fant TRA Zs 


sg is 
2| =-= 
= nRT 2'303 log v VE tanto- TA 
Adiabatic process: For adiabatic change, 
(a) P IVAP Va =constant. 


Where, y= S= specific heats’ ratio ; 
H _dU a 
C=; Cv= FT dH= enthalpy. 


(b) Ta Va” 71 =TaVa" = constant: 
1er Lay 
(c) TP ” =TaPa ” =constant. 
1 1 
ANE [PaVa PaVa] =y [RT2-RT;] for 1 gm 


mole ideal gas. 
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Work in irreversible isothermal process : 

During irreversible expansion pressure P tapidly changes 
from.P, to Pj and the gas expands isothermally at the pressure 
Py. Work done is given by Wir=P.(V>—V31) for 1 gm mole 
ideal gas. 

Convention: AW=+ve=work done by the system ; 

AW=-—ve=work done on the system i.e., work done by the 
surroundings ; AQ=+ve=heat absorbed by the system ; 

AQ=-—ve=heat left from the system. 

Efficiency of an engine 


Work produced E Wa Q2-Q1 
Heat supplied Q3 Q3 


N=efficiency = 


n=1 -2a Engine takes up Qe cals heat from the source, a 
A 3 


portion of it is utelised in performing work (W) and the rest 
(Qa cals) returns back to the sink. W=Qz-Q1. 
Again, n= W _Ta-Tı 4- Ta _Qa AT 
Osis fans wale 
AT=T,-T,. T,=temperature of the sources; 
Ty=temperature of the sink, T2>T1. 


n=1—Qi_ 2h . Qı Qa 
Qs i T2 wE ath, Pane. 


max . i 
TORS known as thermodynamic efficiency of the process. 


dQ 
Entropy: ds= a ; ds=change in entropy 5 dQ rey 


=reversible heat change of the system. T = temperature. 


From 1st law of Thermodynamics, 


dQrev=dU+dW=Pdv '.* dU=change in internal energy 
=0 for ideal gas at constant temperature. /dQrev=/Pdv 
Vo 


PZ dV V 

or, AQrev=nBT | — =nRTIn—=2. 

z Vv Vi 
at 
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SB 

dQrev_nRBI, V V 
S=Ss—Sa=/fd S= CNet STS inae = 3 
A af f T T DVA nR In z 


=nR 2'303 log? =nR 2'303 logt. 
1 2 


AS= Where, m=mass of the liquid vaporised ; 


Qrev _mL 
T AR 


L=latent heat of vaporisation at constant T. 


B (dorma raat 
AS=Sp-Sa=f dS= | SES | BE 
A J T S 


Tı 


` To T 
or, AS=ms/ dInT=ms In—?=ms 2'303 log—2. 

1 Ta Tı 
Where, s=specific heat of the liquid ; AS= entropy change. 
AH=AU+A(PV). Where AH=change in heat content 

A = enthalpy. 

At the constant pressure, AHp= AU+PAV 
** AP=0 or, AHp= AQp from 1st law of thermodynamics. 


Entropy change from ice to steam 
Total change of a OPI =a 27203 log Ls+L2 
T; T, Ts 
L, =latent heat of ice; T;=temperature during conversion 


of-ice into water; I,=temperature of steam; L,=latent heat 
of steam. 


Joule-Thomson expression 


ed-(r- i) for 1 gm mole Van der Waals’ gas. 


etl algo) for n gm mole gas. 
p= EED coefficient ; Cp=Molar specific heat at 


constant pressure ; 4, b= Vander Waals’ constants. 
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i Solved Problems 
1. What is the maximum work obtained when 600 gms of 
mercury vapour are allowed to expand at 500°C from 6 atm to 
3 atm pressure. Given molecular weight of Hg vapour 200. 
Calcutta University B. Sc. 
Mercury vapour is assumed.to behave ideally, 


We have, W max= S00 x 2x (273+500) x 2'303 log’, 


= 3215 cals. 
Ww = W . Py - 
max=— RT 2303 losi &.R=2 cals. 


2. Calculate the amount of heat absorbed in cals when ten 
gramme molecules of a perfect gas expand reversibly at 27°C 
from 100 litres to 1000 litres. Calcutta University B. Sc. 


AW =nRT In ¥2 = nRT 2°303 log ¥2=10x 2x 300 
ERE V; 
x 2'303 logt. 13818 cals. *,* AU=0 for a perfect gas 


at constant temperature, 

AQ AWttcon dse law of thermodynamics. Hence, 
AQ=13818 cals=amount of heat absorbed. 
My. othe) volume, of one kmole\ ofan, ideal monatomie gas 
initially at 2 atmospheres and 25°C is doubled by reversible 
adiabatic expansion, Calculate the final pressure and tempera- 
ture, Calcutta University B. Sc. 


. We have, Ve Were Tate 3 Va=2V1; 
P=1'66 ; T, =298°A ; Tym 7 298(V,)!'80-2=T,(2V,) 166-2 
) Ta=188'9°A. Again, P1V,”=P,V3” or, 2(V3)#'68 
=P3(2V3)85 p= 0'63 atm. 
4. Calculate the workdone in the adiabatic and reversible 


expansion of 2 litres of a perfect Monatomic gas from 5 to 1 atm, 
the final volume being 2°74 litres. Calcutta University B. Sc. 
1 
AWe—— [Pp Vis = eT ALY, "7A — 
Toy PeVd-P,V1] icre (274-5x2] 
vales s. AW=11 litre. atm: 
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5. Five moles of argon (assumed ideal) expand isothermally 
from 10 litres to 25 litres at 40°C. Calculate the workdone (in 
lit. atm) when the expansion takes place (i) reversibly, and 
(ii) against a constant external pressure of 1 atm. (R=0'08206 
lit. atm. deg~! mole~*). cere oo Saag Sc: 1975. 


G) AW=nRT 2'303 log 2 =5 x 0'08206 x (273+ 40) 


log 2§=117°7 lit. atm. 

(ü) Wir=P(Vz-V1)=1(25-10)=15 lit. atm, 

6. One mole of Van der waals’ gas expands isothermally 
reversibly from 2 litres to 20 litres at 27°C. Calculate the work 
done if a=1'42x10!2 dynes cm* per mole and b=30 cc per 
mole, Given, R=8'31 x107 ergs/deg/mole. 


$ Və—b IL 
AW=RT ESB los VAE Bt v7, e 
20- va 


=2°303 x 8°31 x 107(273+27) log ztl 42 x 1022 


9 
ba mols Obit ral eree 


7. 70 gm nitrogen gas expands isothermally against a cons~_ 
tant external pressure of 1 atm. It was initially at 50 atm at 
25°C. Calculate work done assuming the gas to behave ideally. 

P, =50 atm ; mii atm; AW=P,(V2- Vi) 

=p, (MBE _eBT) ~ PV=nRT. 

Po 
n=$9=2'5 gm. SEA 


RTP»(P1—Ps)— 2°5x2x 298 x 1(50—1) _ 
Aw=2 or 501 = 1500 cals, 


8, Calculate the efficiency of a reversible engine working 
between the heat source and sink temperatures 500°C and 150°C 


Calcutta University B. Sc. 1974. 
Ty =273+150 =423°A ; Tg=773'A. 


R=2 cals. Mol. wt of nitrogen=28. 


es 
n=1—-—1 
I T 
n=1-433=1-0" 547 =0°453. % efficiency =45°3. 
9h A Carnot’s engine is operated between two reservoirs at 
temperatures of 450°K and 350°K. If the engine receives 1000 . 
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calories of heat from the source, calculate the efficiency of the 
engine and the workdone by the engine. 
Qa=1000 cals; T,=450°K ; Q1=?; T1=350°K. 
eee Suisse =77777 cal 
Q: Ts or, Qı T, xX Qa 350% 1000 cals. 
W_Qs-Qi TAT eS 
Gia 1=]— =0'2222. 
Qs Qe 1 1000 2 
% efficiency=22'22. W=100-777°77 =222'23 cals. 
10. An engine works between 600°K and 200°K being 
capable of having an efficiency of 52%. Elucidate the fact. 


n=1— Thal 39-05, % efficiency =50. 

The efficiency claimed is absurd because of the fact that 
the efficiency of the engine is more than the efficiency of a 
Carnot’s engine working between the same two temperature limit. 
As no engine can have an efficiency more than a Carnot's’ 
engine, the efficiency claimed is not justifled. 

11. Calculate the change in entropy which occurs when 
25 gm moles of a perfect gas expands reversibly and isothermally 
at 57°C, from 150 litres to 900 litres, Calcutta University B.Sc. 


AS=nR2,3 Va 900 
nR2,303 log 225% 2x 2303 log {50 


1 

w R=2 cals. .*, AS=89'60 cals. 

12, Estimate the inversion temperature and the Joule 
Thomson coefficient of oxygen at the standard state if its Van der 
Waals’ constants are a=1°36 lit?. atm. mole~? and b=00317 ie 
mole™*. [ C,=6'9 cal mole~1.deg-2. ] 

Ti-__2*136 

0°0317 x 0°0821 
ture. Now, & =temperature coefficient 


=1040°A '." Ti= oa =jnversion tempera- 


1 
= (=-4) -69x00821 /_2x1'36 
C,\RT 2 0:0821 x 273 
_=0'315"A per atm. ‘7 R=2 cals=0'0821 lit. atm & T=273°A. 
13. Calculate the minimum work that must be done at 25°C 
on 2 mole CO, to compress them from a volume of 20 liters to a 
volume of 1 litre, when CO; is assumed (a) to be a perfect gas; 


— 0:0317 ) 
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and (b) to follow Van der waals’ equation. For COg, a=3'61 
atm. lit?. mole~2 and b=0'045 lit.mole=+. 


Ve v 
(a) Aw=—f Pdv=-nRT 2303 log 2 
V Vi 


1 
= — 2 X 2x 298 x 2'303 log zo 
=2 x 2 X 298 X 2'303 log 20=3553 cals. 


Və Va A 
(b) Aw=-f Pdv=- SRE S) 
Vi Vo 


= Va Snb Peay aeercts 
nRT 2'303 log (ae an a 


= [2x 00821 x 298 x 2303 log EE 


-361x2x2 (23) = 3325 cals. 


14. 10 litre helium at N.T.P were heated in a vessel to 


100°C, Calculate the change in energy and enthalpy. 
10 


PV=nRT or 1x10—=nx0°0821% 273 or n= 0821X273 
=0'446. Now, dU =nCvdT =n.gRdT =0'446 x 3 x 100 

[‘.' n=number of moles of helium=0°446 ; R=2 cals ; 
dT=100; Cv=§ R ( vide. kinetic theory of gases ). ] 

*, dU=133'8 cals, Change in energy =133'8 cals. Change 
dH =nCpdT =0'446 XRX 100 =0°4468 x 2x 100 


in enthalpy= 


= 223 cals. 
change in enthalpy =223 cals. For helium intramolecular 


enegy factor=0. .- Cv= R; Cp=8R. 
15. One mole of steam is condensed reversibly at its boiling 
point 100°C and 1 atm.pressure. Calculate change in heat, 


workdone, energy, enthalpy and entropy. 
Latent heat of steam=540 cals/gm. R=2 cals. deg-}. mole=!, 
(a) Heat change= AQ=540 x 18=9720 cals evolved=molar 
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heat of condensation. (b) Aw=workdone, for water (vap) 


——>water ([iq.). °.. temperature is constant at boiling point 
workdone=RT =2x (100+273) =746 cals 
work is done on the vapours, ..... Aw=—746 cals. 


(c) AU= AQ- Aw=9720+746=10466 cals=increase in 
internal energy. (d) AH=change in heat content= AU+ A(PV) 
=AU+PAV '' AP=O for constant pressure .', AHy 
=AU+PAV or AHp=AQp=9720 cals. (e) AS=change 
AQrev_ _9720_ ? 

T 


in entropy = BT 


-26'058 cal. deg7*=decrease in 


entropy. ' 


Problems for Practice 


1. Calculate the maximum workdone in ergs for isothermal 
and thermodynamically reversible expansion of 5 moles of an 
ideal gas from a Pressure of 2 atms to 10 atms at 25°C. 

(R=8'314x 107 ergs“? mole~!) 
_ Mysore B.Sc. 1971, Ans, —19932'344%10" ergs. —ve sign 
indicates workdone on the system. 

2. Three moles of a perfect gas expand isothermally and 
Teversibly from 6°72 litres to 67'2 litres at 0°C. Calculate the 
workdone in calories and litre atmospheres. Calcutta University 
B.Sc. 1970. Ans, 3772314 cals ; 154853 lit. atm. 

3. Two moles of Ng at 25°C are expanded from 5 litres to 
1 litres, Assuming the gas to be ideal, calculate the workdone 
(in lit. atm), when the expansion takes place (i) isothermally 
and reversibly, and (ii) against a constant external pressure of 
latm. R=0'082 (lit. atm. mole-1), Calcutta University 1972. B.Sc. 
Ans. 33'878 lit. atm. ; 5 lit. atm. 

‘ 4. A quantity of an ideal gas (Cv=5 cals/deg/mole) at 25°C 
is allowed to expand adiabatically and reversibly from 200 atms. 
to 20 atms. Calculate final temperature (R=2 cals/deg/mole). 


Calcutta University B. Sc. 1978. Ans. —118°6°C. [Hint. Cp—Cv 
=2; Cp/Cv =r] 
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5. 7 gms of nitrogen gas at 1 atm. pressure and at 27°C are 
compressd isothermally and reversibly till the volume is reduced 
to half its original volume. Calculate the workdone on the gas. 
Calcutta University. B.Sc. 1979. Ans. 4'263 lit. atm ; 104 cals, 

6. Two moles. of an ideal gas at 100°C are reversibly 
expanded to twice its volume. Calculate: (i) the workdone if 
the expansion takes place isothermally ; (ii) the change in tem- 
perature (indicate rise or fall) if the expansion takes place 
adiabatically. (Given : R=0'0821 lit, atm. mole? deg! ; Cp/Cv 
=v=1'41), Calcutta University. B.Sc. 1977 Ans. 42°45 lit. 
atm ; 92'3° (fall). 

7. One mole of Van der waals’ gas at 27°C expands isother- 
mally and reversibly from 10 litres to 20 litres. Calculate the- 
workdone, -Given: a=5°49 lit? atm. mole™?; b=0'064 litre, 
mole2. Ans. 16°86 lit. atm. E 

8. What should be the temperature of the sink for effi- 
ciency to be unity? Punjabi B.Sc. Ans.—273°C. 

9, A Carnots engine whose low temperature reservoir is. 
at 7°C has an efficiency of 40%. It is desired to increase the 
efficiency to 50%. By how many degrees should the temperature 
of the source be increased? Ans. 93°34". 


10. Two moles of hydrogen at standard conditions are com- 


pressed adiabatically and reversibly to a volume of 10 litres. 
Calculate the value of final pressure. (x for Ha =1'41), Calcutta, 


U. B. Sc. 1980 (New). LAR eS Yoa 
x0 x : 
[Hints: P,Vı=2RT;; Va rap, I 


= 44/83 lits. PaVs’=PaVe’ 3 1(44°83)2"44=P, (10)? 


<. P,=8'32 atms. J 

11. Calculate the entropy change involved in the conversion 
of one mole of liquid water at 373°K to vapour at the same 
(Latent heat of vaporization, AHvap.=2'257 KJ/g) 


temperature. 


I. S. C. E. 1980. 
l Hints: AS= 225x18. 1089x107? KJ/gm, mo!le/'K.] 
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12. An engine working between 273°K and 373°K takes up 
200 cals of heat from the high temperature. Calculate the 
workdone and efficiency. Ans. 53°62; 26°8%. 

13. Calculate the change in entropy when one mole of helium 
isothermally expands from 10 litres to 100 litres at 27°C. Calcutta 
University B.Sc. Ans. 4'606 cals. i f 

[ Hint. Helium is assumed to behave ideally. Expansion 1S 
carried out reversibly ] 

14. Calculate the change in entropy, when 3 moles of an 
ideal gas are expanded from a volume of 20 litres to 86 litres- at 
288'A. Ans. 875. 

15. The Van de waals’ constants for COg gas are a=3'59 
lit?, atm, mole~? and b=0'043 lit. mole™?. Calculate the Joule 
: Thomson coefficient of the gas at 273°A. What is the’ inversion 
temperature of this gas? [ Cp=8'97 cal. mole™*. deg? ] 

Ans. 0°7526°A peratm ; 1040°A. y 

16. Calculate Be fo cle—-Thoinizor coeffcient for Os at 273A 
from the following data : 

a=135x 108 atm, b=32 cc & Cp=7'03 cals/*A. 

Ans. 0°31°A/atm. cm2. P 

17. Calculate the temperature of inversion for Hs if the 
critical temperature be 22°A. Ans.—124°5°C. A 

18. Calculate the change in energy and enthalpy if 20 litres 
of Argon at S.T.P. were heated in a vessel to 373°K. 

Ans. 267°9 cals ; 446°5 cals. : 

19. One mole of benzene is condensed reversibly at its 
boiling point 80°C and 1 atm pressure. Calculate q, w, AE, AH 
& AS, The molar heat of vaporisation is 7350 cal. mole’, 

[ R=2 cal. deg-2, mole~4 ] Bombay University B.Sc, 1970. 


Ans. 7350 cals; —706 cals; 8056 cals; 7350 cals and 
— 20°82 cal. degt. 


CHAPTER 18 


Problems on Chemical Kinetics 


Chemical Kinetics deals with the study of the rate (speed) of 
chemical reactions. 

For the general reaction, aA+bB—gC+#£D, the rate=k[A]* 
[B]? ; where, k is the rate constant or the specific reaction rate 
of the aforementioned reaction. ‘[ J] stands for concentration, 
(a+b) determines the order of this reaction. The molecularity is 
the total number of molecules of the reactants involved as 
indicated by the chemical equation balanced by least number of 
molecules, 

For a first order reaction an equation of the following form 
2'303 

kı 


j ; a : ae 
can easily be derived, t= log aaa where, a is the inital 


concentration of the reactant, a—~ is the concentration of the 
reactant, after a time ¢ from the very beginning of the reaction, 
x is the used concentration and k; is the rate constant. 

The time taken to change the concentration of a reactant to 
half its initial value is independent of the initial concentration 
of the reactant. This ‘time’ is called as half life perjod of a 


chemical reaction. l 
When t=t,=half life period, then x=. Putting the data im 


the expresson. 


2:303 
303 
re = log — earn We can write = i‘ log Fees 


“gh 


The unit of rate constant ‘ky’ is determined as follows :— 


2'303 1 [moles/litre] 
log g= x ~ [time] [moles/litre] 


I 


x 2 1 f 
** 2:3088 dimensionless. .*. ki =e time. 


+: 3 
aS ; din hour, minu = 
Time can either be expresse > te or second, k; 
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will then be expressed in hour~!, minute7? or second™}. 
Examples of first order reactions are the decomposition of nitro- 
gen pentoxide to nitrogen tetroxide and oxygen, acid hydrolysis 
of ester, inversion of cane sugar etc. 

For a second order reaction an equation of the following type 


where a is the concentration 


<an also be derived, a2 on, 
ı tala—x) 


of the reactant, a—z is the concentration after a time ¢ from the 
commencement of the reaction, x is the used concentration 
and kg is the rate constant. 

a alg 


=a Le ee 
when t ti x5 then ty maara "ke a 


The unit of rate constant ‘kg’ is determined as follows :— 


al. SPE L moles/litre 
t ala—x) seconds. (moles/litre)(moles/litre) 
or, kaa 1 =(sec)~}(moles/litre)-*. 


2” sec moles/litre 
The examples of the second order reactions are conversion 
of ozone into oxygen, thermal decomposition of nitrous oxide,. 
‘saponification of esters etc. 
Solved problems 
1. Calculate (i) the specitic rate constant, and (ii) the 
time required for 80% decomposition, for the thermal decomposi- 
tion of gaseous acetone at 600°C (First order reaction with half 
life =80 sec). Calcutta U. B. Sc. 1977. 


k,= 2'303 log —* and r, = 21093 _ 0693 _ 3.662 x10-*/sec. 
t a=% ty 80 
pj 
ey eee met 2303 a 
z t 80 sec. Now, t 8662x103 log (aka 
__ 2303 Ee 
or ¢ SXIA log 1-087135 9 seconds. 


2. A solution containing equimolar amounts of sodium 
‘hydroxide and ethyl acetate is 25% saponified in 5 mins in a 
simple second order reaction. What would be t, of this reaction 


:system ? Calcutta U. B. Sc. 1970. 
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a 1 T00 a AE, 


ka=- =, =, 
2 tala—x) 5 ala—Pha) 15a 
Now, t= Siig a ES mins. 
z kysa l'a 
15a 


Problems for practice : 
1. Time for half change in a mono molecular reaction is 
25 minutes. What time will be required for ©9°9% reaction ? 
Poona U. 1970. Ans. 249°15 mins, 
reese reaction SO,Clo=SO2+Clg is a first order gas 
‘reaction with k;=2'2x10~® sec"? at 320°C. What percentage 
of SO,Cl, is decomposed on heating this gas at 320°C for 90 
minutes? Gauhati U. 1970. Ans. 11°2%. 
3. The half time of certain first order reaction is 60 minutes. 
How long will it take for 90% of the reaction to occur ? 
Bombay U. 1970. Ans. 199°32'min. 
4. The half life period of a first order reaction is 15 mins. 
Calculate the (i) rate constant, and (ii) time taken to complete 
~ 80% of the reaction. Calcutta U. B.Sc. 1972.. Ans. 3°485 mins. — 
5. Calculate the time required for 90% completion of a first 
order reaction which is 50% complete in one hour. 
Calcutta U. B.Sc. 1975. Ans. 3 hr. 19 min. 
6. A gram mole of ethyl acetate was hydrolysed with a gm 
mole of NaOH when the concentration fell according to the 


following data. Show that the reaction is bimolecular and 


~ calculate the value of k. 
t (min) 0 4 6 10g 15 20 
B04 530 458 350 274 292 
Udaipur 1970. Ans. 0016/min or 1°6X10~2/min. 
7. Show that the following data conforms to first order 


amx 


zeaction. diwaji 1971. 
0 10 20a 30 49 


Time in minutes (t) 
conc of reactant (mole litre"*) 0°445 0'223 0'112 0'056 0'028, 


8 A second order reaction is 20% completed in 500 seconds. 
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How long will it take for the reaction to go to 60% completion ? 
Ans. 50 minutes. 

9. The first order rate constant for decomposition of N2005 
is 6'2X10-* sec"?. What is the half life period for this 
decomposition ? Calcutta U. B.Sc. 1979. 

Ans. 1117°74 sec or 18 min 38 sec. 

10. Where 75% of a reaction of the first order was completed 
in 32 mints, when’ was its half completed? Calcutta U. B. Sc. 
(New). 1980. Ans. 16 mints. 

11. Calculate the age of a piece of hair in which C—14 
activity is 60% of the activity found to day. (= 5,760 yrs). 


I. S. C. E. 1980. Ans, 4256x109 yrs. 


CHAPTER 19 


Problems on conductance and transport number : 


Theory : Rept Where, R=resistance ; P =specific resis- 


tance ; l= distance between two plates of the cell having con- 
tained electrolytes’ solution and a=area of the cross section of 
each plate of the cell. The reciprocal of resistance is called 
conductance or conductivity of the electrolyte’s solution. The 
reciprocal of specific resistance is called specific conductivity i.e. 


l l ai . 
kes. Equivalent conductivity denoted by 2=specific condu- 


ctance x volume containing one gm equivalent of electrolyte. 

i, e.,%=k. V. Where, k=specific conductance and V= volume 
1000 

=k- 
C 


containing one gm equivalent electrolyte. 3 C=gm 


equivalent/litre. Cell constant = = specific conductivity % 
a f 


obseryed resistance. 
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Degree of dissociation of electrolyte («) 


_ equivalent conductance at given dilution _ Av 
equivalent conductance at infinite dilution were 


From Kohlrausch’s law of migration of ions, 
247 2+Ą+1-, where, 44 =ionic conductance or ionic mobility 


due to cations and A. =ionic conductance or ionic mobility due 


to anions, 


14 _ ty _speed of cation_U Wh 
= aS ere, t,= 
A. t- speedotanion V » t+=transport number 


due to cation and t-= transport number due to anion. 
Apa tery and 1_=t_4,. 


ionic conductivity 


Absolute ionic mobility= 96500 
_ ionic conductance 
Sane FERRE, 
For sparingly soluble salts, 2, =2+ +1-=k. 100 =k, ro, 


Where, S=solubility. 

Electrolysis with attackable electrodes, fall in concentration 
around cathode= increase in concentration around anode, 

Electrolysis with unattackable electrodes, fall in concentration 


around cathode «v and fall in concentration around anode % u. 
Ue, HHT and tikt =l. 
v 


Transport number with attackable electrodes € 


_w-(b—a) Where, w=weight of metal deposited in 


t4 = 

+ w A 

coulometer, a= concentration of anode solution before electro- 
3 


lysis and b=concentration of anode solution after electrolysis, 
Transport number from mov} 


Aue V.C Where, V=volume swept by the solution, 
+ 1000Q" 
20 


ag boundary è 
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C=concentration (gm. eq/litre) and Q=Faradays of eléctrcity 
passed during electrolysis. 


Q=acutrent strength X time _[amp][sec] 
Faraday 9,6500 


Solved Problems : 


l. The resistance of a decinormal solution of a salt placed - 
between two platinum electrodes 1°5 cm, apart and 5 sq. cm area 
was found to be 50 ohms. Calculate the equivalent conductivity 
of the solution. Calcutta University B. Sc. 1979. 

E os 6 50x5 


R=pA or, 50= P= ee P= =166'66 ohm cm. 
1 


ES Iesgg™ 0 006 ohm™? cm™1 or 0'006 mhos cm=?, 


1 ohm71?= 1 mhos. 


o 0:006 x 1000 


a= 200 or, 4=————__ = 60 mhos cm?, 
i 1b 


22. The specific conductance of an N/10 solution of NaCl at 
20°C ‘is 0:002765 mhos cm1. If the resistance of a cell 
Containing this solution is 400 ohms, what is the cell constant ? 
Cell constant=specific conductance X observed resistance 
=0'002765 x 400=1'106, 

3. Calculate the ion conductances at infinite dilution of 
H* and CI; ions given 2o (HCI) (25°C) = 426 and yt =0'82. 


\ Burdwan University B. Sc. 1972. 
According to Kohlrausch’s law, 29 (HC1)(25°C)= 


Apgitigy- or 426=2 pbc) 


Where, 444+ =10n conductance of H+ at infinite dilution & 


4¢j-=ion conductance of CI- at infinite dilution. 


tie =transport number of H+=0'82, : 
ee 

Now, tà H+ = Lets 5 

EAs Rei 
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a 2 
Where, “H*=ionic mobility of H+; 


_8CIr ionic g » Cr. 
ee 
ig eH age eum ca EAE 
y+ Acie Apt tigr ĉe (HCI)(25°C) 
ue BEET 
F F 
PAA MELE A 
or, 0 82= 756 Be A pye = 0°82 x 426—=349'32 ohm™* cm?. 
-and top= 426 —349'32=76°68 ohm? cm?, 


4. An electrolyte AB dissociates as AB=A*+B >. The 
lent conductivity at infinite dilution of AB at 25°C is 100 
ohm? cm? egt. Experiments on the fraction of the current ` 
carried by each ion indicate that the individual ionic conductivi- 
ties of At and B- are in the ratio of 2:1. Find the ionic con- 
ductivities of A* and B7. Ranchi University B. Sc. 1976, 

a (AB) =2 Attig- «.-(i) according to Kohlrausch’s law. 


Where, 2, (AB)= equivalent conductance at infinite dilution ; 


equiva 


à a +=ionic conductance of A* at infinite dilution and 4p- =ionic 


conductance of Bo at infinite dilution. 
tat 2 ding to the question. Or, 4 += 22 
1 i= =p according to q E A At Bo 


Putting the value of 2 at in the equation (i), 


100 = 24 atte K 1p-=33'38 ohm=! cm? gm ion“! 
and Late 100 —33°33 = 66°67 ohm7! cm? gm iont, 
5. The equivalent conductances at infinite dilution (4,) of 
HCI, NaCl and sodium acetate are 426'2, 126'5 and 91°0 ohms-2 
cm? respectively at 25°C, Calculate 4, for acetic acid. 

Calcutta University B. Sc, 1972. 
1 (HCI) =g tic according to Kohlrausch’s law. 


426°2= 444+ tic see ase (i) 
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Similarly, 1265= Anat tic e te (ii) 
” MLO=A at 
Where, 


CH,COO- -= (iii) 

ty’ ic ZŅa+ and +CH,COO- are ionic con- 
ductances of H+, Cl-, Na* and CH ;COO- at infinite dilution. 
On adding equation (i) and (ii) and substracting equation (ii), 
Gem SS A eth TANE ACE COOS ANG 


or ais 9907 = 2 F4CH COO- 


‘29 (CHsCOOH) = 4u++4.0H coo” according to 


Kohlrausch’s law. .", 20 (CHsCOOH) =390°7 ohms~1 cm? equ. 
6. A conductance cell filled with 0'OIM KCI has a resis- 
tance of 2573 ohms at 25°C. The same cell filled with 0°2N 


acetic acid has a resistance of 5036 ohms. Calculate the dissocia» 
tion constant of acetic acid, 


(Specific conductance of 0°01M KCI at 25°C=1:41x10-8 
obm™! cm1, equivalent 


; conductance at infinite dilution of acetic 
acid =390'7 ohms-1 


cm? eq-1.] Calcutta U. B. Sc. 1972, 


pen les] 1 l L 
R=p.-=1 ! E ities EEY -1 
aiai OF 2573 Taxio z 3°627 cm™1, 


Now, 5086=P. 3'627 ..*, p= 5086 1402:26 ohm: cm 
3 627 


Sm 


1 h 
z 1402367 0°000713 ohm? cm7? =specific conduc- 
tance of 0'2N acetic acid, 


=p, 1000 _ 0:000713 x 1000:_ 0.71 g 
AEk. Cir 02 ooog S =3'565 ohms™1 cm? equ. 


2, (CHaCOOH) 
~ta (CHCOOR) = 390-7 = 000912. 


+. percentage of dissociation =0'912, 
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x re 
Nowa oa for CH; COOH=H*+CHsCOO-. 
1-« 
ee 
WO eur Hele ec _ (0'00912)? x 0:2 
=< Voi=< > S> 700g 
= 16°81 x 1078. 


Where, K=dissociation constant of acetic acid ; V= volume 


of the solution and += C=concentration of acetic acid in gm 


equivalent/litre. 


7. A conductivity cell has electrodes 0'6 cm apart and each 
is of area 0°8 sq. cm. If the equivalent conductance of a 
saturated solution of AgCl be 130 mhos cm? and its solubility 
product 1°06 x 10710 at any given temperature, what resistance 
will be registered by the saturated AgCl solution, when measured 
in the given conductivity cell? Calcutta U. B. Sc. 1974. 

Ks=S2. Where, Ks=solubility product of AgCl, 
=~ S=solubility of AgCl in gm moles/litre=solubility of AgCl in 
gm. eq/litre. ~<. S= VKs=V106 x10-20=1029 x 10-5, 


1000 aa 130% 11029 10-8 39.07 19-8 
ea Teper eur 1000 ee 


-1, Where 4 =equivalent conductance at infinite dilution 
solution behaving as infinitely diluted solution). 


mhos cm 
(saturated 


aAa 1 x06 -00056 x 10° ohms. 


=p a 13377x10°° 08 ; 
8. At 25°C the specific conductivity of a saturated aqueous 
solution of SrSO4 is 1°4B2x 1074 ohm-~1. cm~}, while that of the 
water used is 15X 107° ohm cm™. Calculate the solubility 
(in equivalent:/litre) of SrSO, in water at 25°C. Qyc,++= 59°46, 

2 =79'8 ohm. cm?.) Calcutta University B. Sc. 1972. 
4S0,— 
ks. soz soln. 
=1'5 X10-® ohm=?, cm™?. 

3,0 15x10" o 


=1°482x10-* ohm™. cm™!; 
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== = =1°482 x 10-*— 1'5 x 107€ 
KsrS0, ~*srsO, soln “H,O 
=1°467 x 1074 ohm=1.cm7!. 
= l h’s law. 
2 SrS04 “Aig ++ tligg, -- from Kohlrausch’s law. 


saturated solution of SrSO,4 is assumed to behave as 
infinitely diluted solution. 


TA fa 1000 
2 SrSO, “Mott thagg,--= “SrSO,. 5 
? z 01467 
or, 5946+798 =167x 1074x1000 . ş= 13926 


=0:00105 gm ea/litre. 


9. A solution of KNO, was electrolysed between platinum 
electrodes. The following results were obtained : 


G) fall in concentration of K* in the anode compartment 
=6°45 mgm/ce ; (ii) fall in concentration of NO37 in the cathode 


compartment = 4°87 mgm/cc. Calculate the transport numbers 
of K* and NO; ions. 


t =U 
Kt uty 


fall in concentration araund annado y, 
entration around anode + tall in concn around 


“fall in conc 


cathode 
e645) 2 645 oy pasos 
Saos mea oe! UENO 4 98 


10. A solution o 


$ f silver nitrate is electrolysed between two 
silver electrodes, 


The mobility ratio of the silver and nitrate 
lons is 0°920. Find the transport number of Agt and NO47 ions. 
{mobility is the speed of the ion when unit po 


tential gradient 
dv\ . r 
&) is applied, 


dv ‘ 5 : 
‘dr TePresents change in potential w.r.t dis- 


tance between ele ctrodes. } 
Vv 


ea ee 


Gees 5 70:92 (according to the question) 
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or, %4+1=0'92+1 or, utV_1-92 or, AAE EIN 
v v ut+tv 192 


or, t-=052 .. t,=1—0'52=0°48. 

Where, u=mobility of Ag* ion; v=mobility of NO;7 ion ; 
t,=transport number of Az* ion and t_=trangport b f 
amen ngport number of 

11. A solution of sodium hydroxide was electrolysed between 
platinum elctrodes having initial concentration 0'059 gm NaOH/ 
100 cc. After electrolysis, 100 cc of the cathode solution con- 
tained 006215 gm NaOH and the same current deposited 
0'05216 gm silver in the coulometer. Find the transport numbers 
of Na* and OH- ions. 

Fraction of current carried by anions=fall in concn in gm 
equivalent/100 cc in the cathode compartment 
tt 1. 005216 — 0:06315 

40 103 4U 
=0 00147+0's00482—0'00157 = 07000382. 
°° eq. wt of NaOH=40; eq wt of Ag=108; 


gm eq of NaOH =gm eq of Ag. 
current carried by cations as well as anions=0'000482 


Total 
0:000782__p. 
0'000°82_ 9792, 
t-=qoo0a8a7° 


t= 1—0'792 =0'208. 
12. Ina moving boundary experiment the bundary swept 
al volume of OZEE 1(N)KCI in 1670 seconds when a current 
of 0014 ampere was passed. What is the transport number of 
Kt ions? 
Qu lol4 x 1870 — oro00242 faradays ; 
96500 


012% 1 ji 
Ipon Ce t+ =0°495. 
tk+=7000x 0000242 Kt 
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Problems for Practice 

1, The resistance o£ solution of KCl occupying a volume 
between two platinum electrodes 1'8 cm apart and 5°4 cm? in 
area was found to be 32chms. Calculate the equivalent con- 
ductance of the solution. Ans. 104°1 mhos. cm.?. 

2. The specific conductivity of ae solution of KCl at 
25°C is 0°002765 mhos. If the resistance of the same solution 
placed in a cell is 2,000 ohms, what is the cell constant ? 

Kerala B.Sc. 1971. Ans, 5°53. 


3. The equivalent conductivity of a 0'001028 (N) acetic acid 
Solution is found to be 48°15 mhos at 25°C. The equivalent 
Conductivity at infinite dilution is 390°6 mhos. Calculate the 
degree of dissociation of acetic acid at this concentration, and 
calculate the ionisation constant of the acid. Udaipur B.Sc. 1970. 

Ans. 12°32% ; 1°78 x 1075. 
i ie A adil whose resistance when filled with OIM KCI 
veh ends 1923 obms, was found to be 6306 ohms when filled 
with 3'186 x 1073M NaCl solution at 25°C. Calculate (i) the cell 
constant (ii) the Specific and equivalent conductivities of NaCl 


soln and (iii) the degree of dissociation of NaCl soln at this 
dilution, 


l Given: Specific conductivity of OIM KCI is 001289 
ohmi, cm7? at 25°C, Equivalent conductivities of Nat and Cl 
tons at 25°C are respectively 50°11 and 76'34 ohm~1cm?, ] 

: Bombay U. B.Sc. 1970. Ans. (i) 2'479 

(i) 393x1074 ohm}, cm-1, 
1 5.. The specific Conductivity of a saturated solution of AgCN 
is 1°79X 10-8 and that of water is 0°044x10-® ohm-! at 20°C. 
The equivalent conductivity at infinite dilution is 115°5. Calçu- 
late the solubility of AsCN in gms/litre. Ans. 2'026 x 1073. 


6. Phe: equivalent conductance of an aqueous solution of 
ese is 48°15 mhos cm? at 25°C, Jf the ionic conductance 
of Ht and CHs000- are 349:8 and 40°9 mhos respectively at 
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this temperature, calculate degree of dissociation of acetic acid 
in that solution. Calcutta U. 1970 B.Sc. Ans. 12°32%. 

7. Equivalent conductivity of (N) KCI solution at 18°C is 
98'2 and at infinite dilution it is 131 at the same temperature, 
Calculate the extent of! ionisation of KClat the said dilution, 
Ranchi U. B. Sc. 1977. Ans. 74°C6%, ’ 

8. The equivalent conductance of sodium chloride at infinite 
dilution is 126°45 and the transport number of cation is 0°394 at 


25°C. Calculate the ion conductance of chloride ion. 
Burdwan U. B. Sc. 1968. Ans. 76°61 ohm7tcm?, 


9. The speed ratio of the silver and nitrate ions in a solution 
of AgNO; electrclysed between silver electrodes is 0°92. Find 
the transport number of the two ions. Burdwan U. B.Sc. 1976, 

Ans. ‘Ag+=0'4792; 'NOs-=0'5208, 

10. A 002M KCI solution, having a specific conductance 
of 277x1074 mhos cm71, gives a resistance 175 ohms when 
measured in a certain conductivity cell. A 0°01M: solution of 
sodium acetate in the same conductivity cell shows a resistance 
575 ohms. Calculate the equivalent couductance of this sodium 
acetate solution. Calcutta U. 1975 B. Sc. 

Ans. 84°31 ohm7!cm? eq.-2 
11. A silver nitrate solution was electrolysed in a transport 
cell between silver electrodes. The anode compartment con- 
tained 0°1210 gm. silver ion before electrolysis and 0°1652 gm. 
afterwords. During the electrolysis, 00854 gm. silver was 
deposited at the cathode. Calculate the transport numbers of 
Ag* and NO,-. Calcutta U. B. Sc. 1973. 
i Ans. ‘Agt=0'4823; NO, = 0:5177. 
12, A solution of silver nitrate was electrol\sed with silver 
electrodes. B fore electrolysis 25 gms of the sol. tion was found 
to contain 0°02550 gm of silver while after electrolysis 25 gms of 
the anode solution contained 0'04294 gm. of silver. During the 
Process of electrol.sis 003210 gm of silver was deposited ina 
silver voltameter. Calculate the transport numbers of As* ion 
and NO,°>. 


Bombay B.Sc. 1969. Ans. ‘Ag*=0'4878 ; 'NO.-=0'5120, 
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13. In a moving boundary experiment with a 0'02(N) NaCÈ 
solution a current of 0'0016 ampere moved the boundary through 
a distance 6 cms in 2070 secs. The cross section of the tube is 
0°1115 sq. cm. Calculate the franepart number of Na‘. 

Ans. 'Nat=0'39. 

14, At 18°C, specific conductance of a saturated solution of 
AgCI is 112x107 ohm“? cm™? (exclusive of that of water). 
Tonic conductances of Ag* and Cl- are 54'3 and 65'5 respectively. 
Calculate the solubility of AgCl in gm. equivalent per litre.“ 

Calcutta U. B. Sc. 1950. Ans. 0°933x 1075. 


CHAPTER 0 


Problems on PH of “weak electrolyte and buffer solution” 


i and salt hydrolysis 
Theory : 


when the acid is weak, say HA ionising as, 


; 1 
HA= ite «= degree of ionisation ; C= concentration = 2- 
l=x « v” 
ye cea of solution in litre. 


CIRH 2 2 pee 
Ree TR 7 (aay ax Where, Ka=dissociation or 


ionisation constant of the weak acid. If the acid is very weak 
« can be neglected as compared to unity. 


Then, “2C=K, or <= ,/Ko_ JK 
(0 


aV 


(33 a = 
B ee O aya) Ka 
ut “H = xC JKaC=,/Ee. 
Hence, PH= — log Cue 


Similarly for a weak base like NH,OH, [OH-] =$ =C 


= YKC= a Where, K,=dissociation or ionisatiom 


constant of weak base. Hence, POH = —log (OH=], 
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Now, PH+POH=14 .*, PH=14+log [OH], 

"~ K,=ionic product of water=[H*][OH-]=10-'4, 
For a buffer solution PH can be calculated’ from 
[Salt] 


Henderson equation, PH+PKa+log (Acid 


PKa= -log Ka. 
For hydrolysis of salt of weak acid and strong base 
e.g. sodium acetate, we have 

NaCOOCH, +H,0=CHsCOOH+ NaOH 
or Nat+COOCH,-+H,;0=CH;COOH+Nat+OH~ - 
or COOCHs-+H,O=CH;COOH+OH™ © j 

(1—h) h h 
h stands for degree of hydrolysis. 
Kn = Sareea Where Kp =hydrolysis constant, 

1 


Sash 5 
C=concentration. But Con ayrhe d C=y- 


Now, Cut Coy-= Kw 


a$ Kw —Kw__ Kv KaKw 
or Ge e an C 
Kē 


Taking logarithm of both sides, 
we get, log Cy =F log Ka +4 log Kw—4 log C 
or —log Cry+= —4 log Ka— 3 log Ky +7 log O 
or PH=% PKat+3 PKwt3 log C 
For hydrolysis of salts of strong acid and weak base 
e.g. ammonium ‘chloride, 
we have, NH4Cl+H,O=NH,OH+HCI 
or NH,*t+Cl-+H,0=NH,0H+H*t+Cl- 
or NH,*t-+-H,0=NH.OH+H* 
1-h h h 
Keene W ads 
irre a - his very small as compared to 
unity, it can be neglected. = 
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\ 
ionisati base 
K, =dissociation constant or ionisation constant of weak ba 


{NH,0OH). 


S is c= ia 
But Cy=$ =ke ics JẸ 


Taking logarithm of Us aie we get, 

log Cutz log Ku+4 log C—4 log Kp 

or —log Cyy+= log K, —4 log Ky—4 log C 

or PH=-—iPK, pee $ log C 

or mg- 3 PK, -4 log C. 

For hydrolysis of weak acid and weak base e. g. ammonium 


Acetate, we have NH,COOCH;+H,0=NH,0H + CH,COOH 
or NH4*+COOCH,-+H,O=NH,0H+ CHCOOH. 
l-h loh h h 


K = Ko _ Ket 

"KK, (= cm SASN ee J 
> (0010 

Now, CH COOHH++CH,COO-, K „=H J[CH,;COO7) 


~ [CH,COOH) 


or KE or Kaai] h is neglected. 
- h 


d K 
or [Ht]=; Ka=Ka on/ Ke = Ve 
th sides, we get, 
H+ =å log Ka +3 log Ky—} log Kè 
or ~log G 


Taking logarithm of bo 
log C 


Ht= —% log Ka—# log Kw+h log K, 


or PH=% PK,+3PK,—2 PK, 
or PH=4 PK,-} PK, +3 PKy, 


Solved Problems : 


1l. Calculate the PH of 0: 
«ciation constant 1810-5. 


fhe RENO 


1 (N) solution of an acid of disso- 
Calcutta U. B. Sc. 1972+ 


>—=1'341 x 10-2, 
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(H*]=«C=1'341 x 1072 x 0'1 =1'341 x 10-3, 

PH= —log [H*]=—log 1'341 x 107° =2'8726, 

2. Calculate the PH of the 0'1 (N) NH4OH solution. Given. 
K, for ammonia=18x 1075. Calcutta U. B. Sc. 1971. 

(OH-]= VK,C= JIB x 107° x 1=1341 x 1078. 

POH = —log [OH7]= — log 1°341 x 1073 =2°8726. - 

Now, PH+POH=14 or PH+2'8726=14 

or PH=14—2'8726=111274. 

3. Calculate the PH at 25°C of benzoic acid ( dissociation 
constant at 25°C=6'3x10-5) in a 0°05 molar of benzoic acid. 
containing 0'01 molar sodium benzoate. 

C,H;COOH=Ht+C.gHsCOO™ ; 


1-« 4 q 
NaCOOC6H,——>Nat +C H5COO7 
x x x 


YC 
So, we can write, Ka = a(t XC. 


Where, X is the concentration of CgH;COO™ (benzoate: 
anion) ions per litre from sodium benzoate (NaCOOC.Hs). 

Now, 6'3 x107“ =4(<+0°01)x0°05 .°, «= 0:0308. 

[H+]=xC=0:0308 x005 .'. PH= —log [H*] 

= — log 0'0308 x 0°05 = 2'8125. 

4. 10 cc of 0'2 (N) NaOH is added to 30 cc of 0'1 (N) acetic 
acid. Calculate the PH of the resulting solution, The dissocia- 
tion constant of acetic acid is 1'8 x1075. Calcutta U. B. Sc. 1970. 

10 cc 0:2 (N) NaOH =10x0'2 cc (N) NsOH=2 cc (N) NaOH. 

30 cc 0'1 (N) CH,COOH=30 x 0'1 cc (N)CH,COOH 

=3 cc (N)CH,COOH. 


Salt 
Now, PH=PKa+tlog er 


or, PH=—log18x10-*+log{ or,’ PH=5'0457, 

5. Calculate the hydrogen ion concentration and the degree 
of hydrolysis in a 0'1 (M) soluticn of sodium acetate at 25:16 
[Ka=1°8x 1075]. Calcutta U. B. Sc. 1978, 
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K. 10714 : = 

hes w= =7°45 x 10-5, 

lé& Viwst “x01 0 

[H*]= æ- JE öx mak Wtr 34x 107° gmionflitre. 


6. Calculate the PH of a solution of ammonium acetate 
Kcu,coou™ t7 41055; Kygo = 181x1075) 
Calcutta U. B. Sc. 1976. 
PH=1PKa—}4PK,+4PKo=}(—log 175x107)-3(- log 
1'81 x 10-5) +(—log 10714) =7°01. 
Problems for practice $ 
1. Calculate the PH of a 0'03 (N) solution of acetic acid 
(dissociation constant=1°75 x 10-8). Calcutta U. B. Sc. 1975. 
Ans. 3'141. 
2. Calculate the PH of 0°01 (N) solution of benzoic acid 


(dissociation constant=6°3 x 10-5). Calcutta U. 1977. 
Ans. 3°1004. 


3. Calculate the PH of a 0'094 (N) solution of NH,OH 
(dissociation constant =1°7 x 10-5) Calcutta U. B. Sc. 1977. 
Ans. 11°08. 
4, Calculate the PH of a 0'05 (N) solution of NH,OH 
(dissociation c constant=6'3 x 10-5) Calcutta U. B. Sc. 1975. 
Ans. „109647. 
5. The dissociation constant of acetic acid in water is 
18x107. Calculate the hydrogen ion concentration of @ 
solution (aqueous) which contgins sodium acetate and acetic acid, 
the concentration of each being 0'1 (N). Calcutta U. B. Sc. 1966. 
Ans. 18x107. 
6. Calculate the degree of hydrolysis of ammonium hydro- 
zide, dissociation constant for NHs is 18x107 and that for 
acetic acid is 1'8 x 1075, ionic product of water being 1 x10714 
Lucknow U. 1963. Ans. 0°0055- 
7. Calculate the percentage hydrolysis of sodium acetate in 
L (N) solution at 25°C. [Kacetic acid=1:1X10-5 and Kw 7 
421% 10-14}. Calcutta U. B. Sc, 1975. Ans. 1048x 1072. 
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8. Calculate the PH of the 0°1 (N) NH,Cl solution, 
Ky for ammonia=18x10-5. Calcutta U. B. Sc. 1971. 

Ans, 5°12765, 

9, A buffer is to be prepared from an acid of PKa=4'76 at 

25°C and its sodium salt. What will be the rati 

ithe acid in a buffer of PH=5 at this temperature ? f 

3 Calcutta U. B. Sc. 1979. 


: Salt J 
[ Hints. PH=PKa +1 Lsalt T. =4 [Salt ] 
[ Hints. at+log [ Acid] 5=476+log Tadd} 


Given 


o of the salt to 


5. dh Sale es 
cis men 


10. The percentage hydrolysis of 0°01 molar solution of 
‘sodium acetate at 25°C is 0'024. Calculate the hydrolysis cons- 
tant of the salt and the dissociation constant of the acid (Ionic 
product of water =10714). Calcutta U. B. Sc. 1980, 

E ANTE =5'8x 10710 ; Ka=173x 10-5, 


CHAPTER 21 


Problems on Radioactivity 


Following three types of tays (or particles) are emitted from a 
wadio-active substance: (1) «-rays or 4 particles: These are 
positively charged particles. Each « particle has the mass =4 
units and the charge carried is equal to 2. Actually they are 
helium nudleus (,He*), (2).-6—rays or particles ¢ These are 
negatively charged: particles. Each £$ particle has the negligible 
Mass and carries one negative charge. They are identical with 
electrons. (3) Y—rays? These are electromagnetic waves of 
very short wave length emitted from the nucleus because of 
transition of nucleons. 

For radioactive disintegration, rate of disintegration = 
disintegration constant X number of atoms, 


, Pei sat A 
or, N=Noe - Where, 4 =disintegration constant ; 
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T=time ; No=initial number of atoms and 
N=number of atoms present time to time from the very 
commencement of the disintegration. 
2303 No 
or, i=- log N’ 
Time for half change (half life period), T = 


Average life period= TEAS bilane = D 
k disintegration constant 4 


In radio-active equilibrium : Ns =42 
a 


ay 
1 curie=3'7 x 10?° disintegrations/sec. 
` Solved Problems : 

1, _Uranium—2.8 (atomic number 92 ) during various disin~ 
tegration steps loses 8x and €f particles. What will be the 
atomic weight and atomic number of the new products ? 

Wee Punjab U: 1967. 
R T at when 1« particle is emitted, atomic weight of 
ie ecreases by 4 units and atomic number by 2 units. 
a aah Band when 1 particle is emitted, atomic weight of 
nat aN unchanged but atomic number increases by 
: à 92 loses 8« particles, its atomic weight decreases 
A eae units and atomic number by 8x2=16 units, So», 

atomic weight of the new eclement=238—32=206 and the 
atomic number=92—16=76. Again, this new element further 
loses 68 particles, the atomic weight of the element, obtained by 
the emission of 6 particles=206 but the atomic number of the: 
element=76+6=82, 

2. Calculate the number of alpha particles emitted/sec by 
one gm of pure thorium oxide. (H:lf—life of thorium—232 is 
133 xno years dnd Avogadro’s No 6'02x1023). Poona U. 1968. 
T, =0693 2 0:693 
$ 2 or l= 

1°39 x 107° x 365 x 24 x 60x 60 
=1'5x 10718 sect. 
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264 gms (L gm mole ThOz) of thorium oxide contain 

6°02 x 1023 atoms of Th. 

i 6:02 x10238 
26 


1 gm j » « contains 7 
G 


Now, rate of disintegration=2 number of atoms, 


or, rate of disintegration= 15x 10718 x6'02 x 1075 
264 
= 3°42 x 105 sec-2 
the number of alpha particles emitted/sec by one gm of 
pure thorium oxide= 3°42 108. 
3, A piece of wood recovered in an excavation, has 25°6% as 
much ,C** as ordinary wood today has. When did this piece get 
buried ? Ty for gCt*=5760 years. H.I. T. 1969. 


Here, No=100 ; N=25'6. 


1 E =B =1'203x 1074 years™!. 
2 03 N 2'303 100 
=2303 Jog No emee 
Now, 2= oN ~ T= 7593x1018 256 
= 11,330 yrs. 


4, The half life of a radio element is 231 minutes. How long 
will it take for 7% th fraction of the element to decay ? 
Calcutta U. 1970. 


0'693_ See E Nba) 
N a minute” t, No 10° 


2203 


foe an or 3x10-8=" 9 Jog 10= 2308 


Now, 4= 


2'303 
n T= oe Sr S minutes. 


5. At radio active equilibrium, the ratio between atoms of 
the two radioactive elements A and B was found to be 
31x 109:1 respectively. If the half period of element A is 
2101 years, what is the half-life period of the element B, 


Mysore U. 1971. 


al 
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0°693 As 
Pideeil TDA o a E 
N,-4, 0693 Tx (g) 1 3 (B) 
4 (A) 
2% 1920 _ 
Mee T; (8) =51x ME 6'451 years. 


Problems for practice : 

1, Radioactive element actinium (atomic weight 227, atomic 
number 89) undergoes a series of disintegrations leading to the 
formation of lead of atomic weight 207 (atomic number 82). 
How many alpha and beta emissions are involved ? Bombay U. 
1962. Ans. 5«-particles ; 36-particles. 

2. The atomic weight of thorium (Th) is 232 and atomic 
number=90, How many «and £ particles should be emitted so 
that we may have an isotope of lead with atomic weight =208 
and atomic number=82? Bombay U. 1968. Ans. 6 «-particles ; 
4B-particles. 

3. By natural radioactivity 9.U2%® undergoes the following 
change: 92U?38>UX,+< particle wee (i) 

UX, >UX, +£ particle se (ii) 

Determine the atomic mass number of UX, and UXg. 

Gorakhpure U, 1970. Ans. same atomic mass number but 
different in atomic number. 

4. 1m of pure ThO emits 3600«-particles per second. The 
half life period of Th is 1°39 X 102° years. Calculate the Avogadro’s 
number. (O=16, Th=232). Bombay U. 1974. Ans. 6'015 107%. 

5. A radio isotope decays at such a rate that after 69 
minutes, only a quarter of the original substance remains. 
Calculate the disintegration constant and half life of the radio 
isotope. Poona U. 1968. Ans. 333x1074 ; 0'208x10* sec. 

» 6. The half life of uranium is 451x10? years. Calculate 


its disintegration constant. Lucknow U. 1968. Ans. 155x10-22 
years t, 
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7. The half life period of a radio-element is 6'93 hrs, How 
long will it take to reduce its activity to one-tenth of its original 
value? Bombay U.1974. Ans. 3°762x10~2. 

8. The half-life of gC1* is 5570 years. What fraction of 
the original ¿C14 would still remain after 10,000 yrs? Calcutta 
U. B. Sc. 1975. Ans. 0°3. 

9. Calculate the number of disintegrations/sec obtainable 
from 1 gm 99Th?2, given that the disintegration constant for 
so Th*9? is 1:58 x 10-18 sec“, Bombay U. 1975. Ans. 4°098 x 108, 

10, A radio-isotope has a 5-year half life. After a given 
amount decays for 15 years, what fraction of the original isotope 
remains ? Indian School Certificate Examination, 1978. Ans. Be 

11. Radium D, a radioactive isotope of lead, emits beta rays 
with a half life of approximately 20 years. If 20 mg of this radio 
isotope is stored, how much of it will be left behind after 60 
years? Indian School Certificate Examination, 1978. Ans, 25 
mg. 

12. Half life period of radium is 1600 yrs, findout the disinte- 
gration constant and average life period (To). U. Pradesh I. Sc. 
1977. Ans. 4°33x10-4 per yr. ; 2309 yrs, 


disintegration constant 


13, Half life period of polonium is 140 days, in what time i 
gm of polonium changes to 4 gm ? U.P.I. Sc. 1978, Ans. 280 
days. 

l4. The half life period of uranium—237 is 2'5 105 yrs: 
After how many years will the mass of uranium become 25% of 
its original mass. Uttar Pradesh. I. So. 1976. Ans, 5x 105, 

15. The half life period of an element is 10 yrs. Will the 
element totally disappears in the next 20 yrs? Explain wich 
reasons. U. P, I, Sc. 19788, Ans, Total quantity of a rai 
active element will disintegrate after infinite period, i 


16. Below are given ‘the structures 


$ of four atomi : 
() 8P+8n Gi) BP+9n (Gi) 20P-420n (iv) 18P +9, panes 
. om 
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these choose those that are isotopic and those that are isobaric. 
Uttar Pradesh Inter Board 1977S. 

[ Hint: Isotopes have same at no but have different at wts. 
So, (i) and (ii) are isotopes. Isobars have different at. nos but 
have same at wt. so, (iii) and (iv) are isobars, ] 

17. Binding energy of »He? is 28°57 Mev. What will be the 
binding energy per nucleon for this element? U. P. I. Sc. 1978. 
Binding energy _ 


Hint. Bindi A — _ Binding ene 
[Hint. Binding energy of He*t/nucleon = har omae 


= =7'14 Mev.| 

18, Mass number of an element is 209 and its atomic number 
is 83. If an atom of this element emits an alpha (4) and a beta 
(8) particle in succession ; then findout the mass number and 
atomic number of the new element formed. Uttar Pradesh Inter 
Board. 1978. (Hint. When an alpha particle is ejected from the 
nucleus, the new atom will have at wt less by 4 and at no less 
by 2. at wt (mass number) of new element=209—4=205 
and at no of new element=83-—2=81. On the ejection of a beta 
particle there is no difference in at wt but at no increases by 1.] 

=< —28 

r 19. X—+Y—-+Z. What is the relation between X and Z 
in the equation. U. P. I. Sc. 1977S. Ans. X§& Z are isotopes. 

20. Mass number and atomic number of an atom are 232 and 
90 respectively. After emitting two 6 particles how many « 
particles it should emit so as to get an atom having mass number 
and atomic number 212 and 82 respectively. Uttar Pradesh I. Sc, 
1978. Ans. 5. 

21. How many « and f particles will be ejected in all in the 

232 208 

conversion of the nucleus an to oO Kanpur 1970. Ans. 6« 
& 46, 

22. The atom of an element X with At. No. 15 and mass No- 
31, absorbs one neutron when irradiated with neutrons and is 
converted to its radioactive isotope Y which isa beta emittere 
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Isotope Y then decays and changes to an element Z which forms 
a gaseous hydride of formula ~ZHə. (i) Deduce the Mass No. 
and At. No. of Z. 
Gi) What is the molecular wt. of ZH, ? 
(iii) To which groups of the periodic table do X, Y and Z 
belong 7 
(b) Radioactive Uranium (At. wt. 238, At. No. 92) undergoes 
a series of disintegrations leading to the formation of lead (At. 
wt. 206, At. No. 82). How many « and $ emissions are involved 
in the process? Calcutta U. B. Sc. 1980 (New). 
ol L322 5—6 332 
[ Hints: X+n>Y——> Z. (i) Mass No of Z=32 and At. 
15.0215 16 
No. of Z=16. (ii) Mol. wt. of ZHa=32+2x1=34. (iii) X, Y 
belong to group V and Z belongs to group VI of the periodic 


table, 
238 206 
(b) Transition U-—> Pb. Loss in mass number =238— 206 =32. 
9282 


Decrease in atomic number=92—82=10. Loss in mass number 
<an be set for <—particle emissions. Since each particle accounts 
fora decrease of 4 units, numder of <—particles corresponding to a 
decrease of 32 will be 8. When 8<—particles are lost by a nuclide, 
its atomic number should decrease by 16. Actual decrease 
observed is 10. To account for the difference of 6 in atomic 
numbers there should be a loss of 6 $ — particles also, Therefore : 
number of *— particles lost=8 ; no of B—particles lost=6, ] 

23. The disintegration rate of a radio active element changes 
from an initial value of 3112 disintegrations per minute to 980 
disintegrations per minute in 42 days. Calculate the disintegra- 
tion constant and half life period for this element. 

Ans. 25°1 days, 002752 days7}, 

24, Calculate the age in the following cases: (i) A piece of 
hair in which C—14 activity is 60% of the activity found to-day 
(t4 =5,760 yrs). I. S.C. E. 1980. (ii) A vegetarian beverage whose 
tritium content is only 5% of lead in living plants (t1=123 yrs). 


Ans. {i) 4256x103 yrs, (i) 53°31 YTS. 
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25. One microgram of Na-— 24 is injected into the blood of a 
patient. How long will it take the radio activity to fall to 10% 
of initial value ? (4) =14'8 hrs for Na—24), 


Ans, 205 days [1 microgram=107® gram] 

26. A radio active element A emits alpha rays and is 
Converted to another radio active element B which isa beta 
emitter. Bis changed to C which is another beta emitter. The 
final product formedisD (i) If the mass number of A is 238: 
and its atomic number is 92 deduce the mass numbers and atomic 
numbers of B,C andD. (ii) IfA belongs to group VI of the 
Periodic Table indicate the groups to which B, C and D belong. 
I. S. C. E. 1979, Ans. (i) mass nos, 234, 234, 234 ; at. nos 236, 
237, 238 (ii) IV, V, VI. 

27. A radio active element g6X??® losses one Alpha («) 
Particle, then emits successively two Beta (8) particles. What 
will be the Mass number and Atomic number of the new 
element? What will the new element be called in relation to 

| the original element ? W. B. J. E. E. 1980. 
Ans. 222 ; 86 and isotope.. 

28. Complete the following nuclear reaction equations :— 


., 238 234 27 4 30 
i) U+Th+ ( ) Gi) Al + He>P + ( ) 

92 90 13 7) its) 

I. S. C. E. 1973 
ae 1 
Ans. (i) He; (ii) n. 
2 0 

29. Complete the following nuclear reaction equations 


. 235 1 140 1 
0 U+tn— Ba+()+2n 
92 0 56 0 


WAL O7, 30 1 
(i) Al+()—> P+n 
13 15 0 


94 4 
I. S. C. E. 1980. Ans. (i) Kr (ii) He. 
36 2 


CHAPTER 22 
Problems on Organic formule, determination of 
mol. wt and percentage composition 
Solved Problems with theory : 

1. 02gm cf anhydrous organic acid gave on combustion 
0°04 gm water and 0'195 gm carbon dioxide. The acid is found 
to be dibasic and 0'5 gm of its silver salt leaves on ignition 0'355 
gm silver. What is the molecular formula of the acid ? 

M gm silver salt contains 2 X 108 gm silver [Molecular wt. of 
silver salt=M ; as acid is dibasic, formula of the acid is RH, 
Where R stands for remaining portion of the dibasic acid, Tt 
therefore forms silver salt as RAge. For mol. wt of acid 
consider RHy>RAga—2Ag+2H] 

0'5 gm silver salt contains 0'355 gm silver 

0:355 0355M ,„ 


M gm , 5 5 aS 
0'355xM h 2X 108x05 
TS Tee apa ads] 9355 
mol. wt of the acid=304°2—2x 108+2=90'2 


0'195 x 12, 1% 
aa A =26'59, 


0:040x12 SAn 
Dis hydrogen=— g ~ X T2 3 = 2°22. 


oxy gen= 100 — (26°59 -++2'22) =71°19. 


= 304'2 


% of carbon= 


n» 


Calculation of emperical formula 


Name of the GA Number obtained Number | Emperical 
element in orgc. % Auri in previous colm/ |of atoms| formula 
compound least number 
26% ‘59 
Carb (0) 26°59 |- = 99: 
arbon (0) 2 CHO, 
Hydrogen (H) | 222| 2 222-2: -22 


TI'I 


Oxygen (O) 9 TLI 


“Te =4'45 


328 FUNDAMENTALS OF CHEMICAL PROBLEMS 


Calculation of molecular formula 


Let exact formula of the compound be (CHO.)n. Where, 
n=a positive full number. Now, wt of (CHOs)n=mol. wt of 
the compound. (12+1+32)n=90'2 .°, n=2. 

»", molecular formula of the dibasic organic acid is CpH.O.. 

2. When heated carefully, 0°3652 gm of silver salt of an 
organic monobasic acid gave 01720 gm silver. Find the mole- 
cular weight of the organic acid. 


0°1720 gm silver is obtained from 0°3652 gm silver salt 


0'3652 
108 ” » ” ” ” 0'172 x 108 » ” D 


As 1 gm equivalent silver is obtained from 1 gm equivalent of 


silver {salt, T3652 X 108 2292 gms is the equivalent wt of the 


silver salt. Now, equivalent weight of the acid= equivalent 
weight of the silver salt—equivalent wt of Ag+equivalent wt of 
hydrogen, 
<. equivalent weight of the organic acid = 229'2—108+1 
=122'2 


equivalent weight of Ag=108; equivalent weight of 
hydrogen=1, 


Mol. wt of the acid= eq. wt. X basicity =122°2 x 1=122'2 
» basicity of the organic acid=1. 

: 3. When heated cautiously in a crucible, 0'759 gm of the 
silver salt of a dibasic organic acid, yielded 0463 gm silver. 
Calculate the molecular weight of the organic acid. 

0°463 gm silver is left when 0°759 gm silver salt of the acid is 
. heated. 
108 gm , $ 0:759 x 108 
2 z 07463 
<. equivalent weight of the silver salt of the acid=177'05. 
* equivalent weight of silyer=108. 
The equivalent weight of the acid==177'05—108+1=7005 
<. molecular weight of the acid=70 05x 2=140°10, 


=177'05 gm , 


» 


PROBLEMS ON ORGANIC FORMULA 329 


Determination of molecular weight of bases by platinichloride 
method. 

Theory : Many organic bases generally amines react with 
chloroplatinic acid (H2PtClg) to form chloroplatinic salt having 
formula B2HPtClę, where B represents symbol for one equiva- 
lent of the base. Chloroplatinic salt on heating decomposes to 
platinum (Pt) as residue according to the reaction BpH2PtCle—>Pt. 

Let the weight of the chloroplatinic acid salt be a gms. 

Let the weight of platinum left after heating be b gms. 

Now, M gm chloroplatinic salt contain 1 gm atom platinum, 


ie, Mgm 5 J z 195 gm platinum 
*' M=molecular weight of the chloroplatinic salt ; at. wt of 
platinum = 195. 
eal n K £ exe gm platinum. 
195Xa_ _195Xa 
Hence, aT. or M pn 


The equivalent weight of the base represented by B 


molecular weight of BgH.PtCl,—molecular weight of 
HePtCle 


2 

ax195 

mol. wt of BeH,PtCle — 410 —__b 
2 


— 410 


2 
Molecular weight of the base=equivalent weight of the 


(è x195- i) 
base X acidity of the bases \2———_—_——_/n.. 


Where, n represents acidity of the base. 

Solved Problems : 

4. Calculate the molecular weight of a monoacidic base, 
0:596 gm chloroplatinic acid salt of the base on ignition leaves 
0'195 gm platinum as residue. 


_195X0'596 _ 
Mol. wt of the salt 0195 =596 
.. mol. wt of the base= ee) x1=92°9 


~ n=l=acidity. 
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5. Calculate the molecular weight of a diacidic base, 0'98 
gm chloroplatinic acid salt of the base on ignition leaves 0°3585 
gm platinum as residue. 

195 x 0°98 _ 
0°3585 
533-410 _ 
2 


Mol. wt of the salt= 533. 


Equivalent wt. of the base = 615 
mol. wt of the base=61'5x2=123 
acidity = 2. 


Problems for practice 


1. An organic compound containing C, H and Cl gave the 
following results on analysis : (i) 2'4 gms of the compound on 
Combustion gave 0°83 gm of CO, and 01728 gm of H20, 
(i) 0117 gm of the compound when heated with conc. HNO; 
and AgNO, in a Carius furnace gave 0°42 gm of AgCl. Calcu- 
late the percentage composition of the elements present in the 
compound. U. P, 1976. Ans. %C=10 ; %H=0'8 ; %CI=£8 8. 

2. A monobasic organic acid gave on combustion the 
following Percentage composition: Carbon 39°95 and hydrogen 
6°69. 0'2565 gm of the silver salt of the acid gave on ignition 
0'165) gm of silver, Calculate the molecular formula of the acid. 
Andhra U. B. Sc. Ans. C,H, COOH. 
; 2. 06387 gm of the platinichloride of a monoacid base on 
ignition gave 0'209 gm of platinum. Find the molecular weight 
of the base, (Pt=195) Ans. 93. 

4. 19 gms of the silver salt of a dibasic acid gave 1'08 gms 
of silver on ignition. Calculate the molecular weight of the 
acid. Ans. 166. 

5. A chloroplatinate of a saturated aliphatic mono-amine 
was found to contain 19% of platinum. Calculate the’ molecular 
Weight of the amine. Calcutta University B.Sc. Ans. 210°5. 

6. The platinichloride salt of a mono acid organic base 
yielded 246% metallic platinum on ignition. Calculate the 
molecular weight of the base. Ans. 93°84. ‘ 
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7. A monobasic organic acid on combustion gave the 
following percentage composition : C=39'95, H =6'69. 0°2565 gm. 
of the silver salt of the acid gave on ignition 0'1659 gm of silver.. 
Calculate the molecular formula of the acid. Roorkee 1973. 
Ans, CHO: 

8. An organic compound contains €6'7% of carbon, 7'4% of 
hydrogen, 0°135 gm of the same substance yielded 27'9 ml of Na 
at N. T. P. Determine the empirical formula of the compound. 
Uttar Pradesh I. Sc. 19775. Ans. CgH4N. 


9. An organic compound gave the following results om 
analysis: (i) 0°76 gm of compound on combustion gave 0°44 gm 
of CO, and 0°36 gm of HO. (ii) 0'151 gm of the compound: 
on heating with conc. HNO g and BaCle produced 0°465 gm of 
BaSO,. Calculaté the percentage composition of the elements. 
present in the given compound. U. P. 1976, Ans. %C=15'79,. 
%H =5'26 and %S= 42°38, 

10. 1°09 gm of an organic compound on combustion gave: 
0'83 gm COs and 0°45 gm water. 0'218 gm of the substance on. 
boiling with HNOg and adding AgNO g gave 0'376 gm AgBr. 
Calculate the percentage of C, H and Br in the compound.. 
U.P. 1978S. Ans. %C=22 ;%H=4'6 ; %Br=73'4. 

11. An organic compound gave the following results on 
analysis. (i) 0°369 gm of the compound on combustion gave 
0°396 gm of CO, and 0°189 gm of H2O. (ii) 0'246 gm of the 
same substance gave 0'379 gm AgBr. Calculate the percentage 
of C, Hand Br inthe given compound. U. P. 1977S. 

 Ans.. %C—29'27, SH=5'69, %Br=65'55.. 


SI UNITS (Systeme internationale) 


Physical quantity 
Length 
Mass 
Time 
Electric current 
Thermodynamic 
temperature 
Amount of substance 
Energy 
Electric charge 
Electric potential 
difference 
Electric resistance 


Customary temperature 
Area 


Volume 
Density 


Pressure 
[Pa (pas cal) has been 


Suggested as the name] 
Heat Capacity 


ass of an atom 


Name of unit 
metre 
kilogram 
second 
ampere 


kelvin 
mole 
joule 
coulomb 


volt 

ohm 

celsius 
square meter 
cubic meter 
kilogram per 
cubic meter 
newton per 
square metre 


joule per kelvin 
Atomic mass unit 


Symbol for unit 
m 


kg 


kgm”? 


Nm=?=kem"* 


JK-1=kgm?.s~?K- ž 


amu 


LOGARITHMS 


9 ft28/4561789 


59 13) 17 21 26/3034 38 
0212 |0253 | 0294 | 0334 | 0374 | 48 12} 16 20 24 | 28 32 36 
48 12| 16 20 23/27 31 35 
0607 | 0645 | 0682 |0719 |0755 [47 11] 15 18 22 26 29 33 
37 11} 14 18 21/25 28 32 
0969 | 1004 | 1038 į 1072 | 1106 }37 10] 14 17 20 24.27 31 
36 10/13 16 19] 23 26 29 
ELA 1303 | 1335 | 1367 | 1399 | 1430 | 3 7 10| 13 16 19|22 25 29 
36 9|1215 19/2225 28] 
1614 | 1644 | 1673| 1703|1732]36 9/1214 17 |20 23 26 
36 9]11 1417/2023 26 
1903 | 1931 | 1959] 1987|2014]36 8{11 14 17 19 22 25 
36 Sirr1416 19 2224 
2175 | 2201 | 2227 |2253|2279135 81013 16|18 21 23 
35 S}101315 18 2023 
2430] 2455 | 2480] 2504]2529}35 8]101215]17 20224 
25 7| 91214|17 1921 
2672 |2695 |2718 |2742|2765]24 7| 91% 14/1618 23 
24 7| 911 13|161820 
2900|2923 |2945 |2967 [2989|24 6| 81113 1517 39) 
3139 |3160|3181 |3201 {24 6| 8 1113|15 1719 
3345 | 3365 |3385 |3404 124 6) 8 1012|14 1618 
22|3541 {3560|3579|3598|24 6| 81012|141557 
3729 [3747 |3766|3784|24 6| 7 911|131517 
3909 | 3927 | 3945/396224 S| 7 911|121416 
4082 | 4099] 4116| 413323 5| 7 910|121415 
4249 |4265 |4281 |4298|23 5| 7 810/111335 
3 | 4409 |4425 |4440 4456123 5| 6 3 9ļ111314 
4564 |4579 |4594|4609|23 5| 6 8 9j|11 1214 
4713 [4728] 4742|4757]t3 4| 6 7 9|101213 
4857 | 4871|4886|4900}1 3 4| 6 7 3 1011 13 
4997 | 5011 /5024}5038}13 4| 6 7 1011 12 
51321514515159|5172]13 4| 5 7 8| 91112 
5263 | 5276 | 5289| 530213 4| 5 6 8| 91012 
5391 | 5403 |5416|5428]13 4| 5 6 8| 91011 
5514} 5527| 5539|5551f12 4| 5 6 7| 91015 
5635 | 5647 | 5658| 5670f12 4| 5 6 7| 81011 
5752 | 5763|5775|5786f12 3| 5 6 7| 8 910 
5866 | 5877 | 5888 12 3| 5 6 7| 8 910 
5977 {5988| 5999 }6010}22 3} 4 5 7| 8 910 
6085 [6096| 6107 |6117 ]212 3} 4 5 6} 8 910 
6191 [6201 |6212/6222}12 3| 4 5 6| 7 8 9 
6294 | 6304} 6314632512 3) 4 5 6| 7 8 9 
6395 | 6405 |6415/6425]12 3| 4 5 6| 7 8 9 
6493 | 6503/6513 |6522]12 3| 4 5 6| 7 8 9 
5 6590 | 6599| 6609|6618}12 3| 4 5 6 8 
6665 |6675 |6684 |6693 |6702|6712 |12 3| 4 56 7 F 3 
6758 | 6767 | 6776 678516794 |6803]12 3) 4 5 5/6 7 8 
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